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Chapter  1 
INTRODUCTION 


Category  III  Instrument  Landing  Systems  (ILS)  of  the  conventional 
VHF/DHF  type  has  been  introduced  for  actual  operation  in  the 
United  States.  Further  implementation  of  several  systems  is 
anticipated  within  the  near  future.  The  Category  III  ILS 
represents  the  latest  existing  ground  electronic  guidance  system 
designed  to  best  meet  demands  for  high  dependability  during 
aircraft  approach  and  landing  in  very  limited  visibility. 

The  continued  development  of  ILS  over  the  years  has  made  it 
possible  for  pilots  during  inclement  weather  to  an  every  increasing 
extent  depend  on  the  ILS  for  safe  and  efficient  guidance  in  airport 
approaches  and  landings.  Categories  or  ILS  operation  as  defined 
in  the  Aeronautical  Telecommunications  Annex  10  to  the  Convention 
of  Intematonal  Civil  Aviation  (ICAO  Annex  10)  are  used  to  describe 
operation  under  different  visibility  conditions.  Category  IIIA 
operation  represents  at  the  present  the  minimum  weather  conditions 
during  which  commercial  operations  are  possible.  The  ground  equip- 
ment required  for  Category  IIIA  operation,  including  Category  III 
ILS  and  certain  runway  lighting  aids  and  RVR  equipments  will  permit 
"hands-off”  landing  by  a qualified  aircraft  crew  in  forward  visibility 
down  to  700  feet  and  no  decision  height.  By  comparison,  a Category  II 
system  provides  landing  capability  under  minimA  not  lower  than  a 
100  foot  decision  height  and  forward  visibility  down  to  1200  feet. 

Although  the  nominal  radiated  signal  characteristics  are  the  same 
for  Category  I,  II,  or  III,  the  difference  in  the  ILS  equipment 
itself  corresponding  to  higher  categories  of  service  is  represented 
by  extension  of  guidance  required  along  the  runway  itself  and  by 
refined  accuracy  and  tighter  tolerance  capability  in  the  ground 
equipment  as  described  in  the  ICAO  Annex  10. 

Additionally,  an  outstanding  characteristic  of  the  Category  III  ILS 
is  that  the  reliability  and  the  availability  of  the  system  must  be 
the  best  achievable  in  order  not  to  compromise  the  ILS  signal 
during  the  final  phase  of  an  aircraft  Category  III  ILS  approach. 
Usually,  actual  Category  III  conditions  are  relatively  infrequent 
at  most  airports  but  the  characteristics  of  the  Category  III  ILS 
will  enhance  safety  and  availability  for  Category  II  and  I ILS 
operation  as  well. 

A complete  Category  III  ILS  consists  typically  of  a VHF  localizer 
with  dual  transmitters,  a wide  aperture  antenna  and  redundant 
monitors,  a UHF  glide  slope  with  dual  transmitters  and  redundant 
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monitors,  dual  75  MHz  transmitters  for  the  inner,  middle  and  outer 
markers,  plus  remote  control  and  monitor  indicator  equipment  at  the 
airport  control  tower. 

The  following  pages  in  this  report  present  a general  overview  and 
insight  into  the  Category  III  ILS  ground  equipment  which  has  been 
developed  under  a program  of  the  Systems  Research  and  Development 
Service  of  the  Federal  Aviation  Administration  and  single  out 
significant  results  obtained  from  the  development.  For  additional 
detailed  information  attention  is  invited  to  the  reference  documents 
which  cover  specific  details  of  the  development  effort  and  the 
technical  aspects  of  the  equipment  itself. 


Chapter  2 
BACKGROUND 


2.1  Early  development  efforts 

The  FAA  first  undertook  development  work  of  a Category  III  ILS 
in  the  early  60* s.  This  development  resulted  in  separate  major 
equipment  contributions  by  five  different  U.  S.  manufacturers 
and  the  furnished  equipment  was  Intended  to  be  evaluated  at  the 
National  Aviation  Facilities  Experimental  Center  (NAFEC), 

Atlantic  City,  New  Jersey,  as  a system.  The  system  was  never 
fully  completed,  however,  and  consequently  did  not  undergo  a 
complete  system  evaluation.  Specific  problems  included  lack  of 
maln/standby  equipment  transfer  capability  within  two  seconds, 
as  required,  an  unsuccessful  and  delayed  localizer  near  field 
monitor  development  and  general  equipment  instability  and 
reliability  shortcomings.  A summary  NAFEC  letter  report  on  the 
evaluation  of  the  furnished  equipment  is  Included  as  Appendix  B 
of  this  report. 

Although  the  initial  Category  III  ILS  development  was  unsuccessful, 
continuing  R&D  work  leading  to  Improvements  in  ILS  during  the 
1960's  contributed  to  an  improved  base  of  knowledge  for  specifying 
p romance  requirements  for  a Category  III  ILS. 

2.2  STAN  37/38 

Concurrent  with  the  U.  S.  effort  at  NAFEC,  the  United  Kingdom 
had  worked  on  the  development  of  a Category  III  system  which 
resulted  in  a system  designated  STAN  37/38.  Later,  an  agreement 
was  reached  between  the  U.  K.  Board  of  Trade  and  the  FAA  for  FAA 
to  perform  a jointly  agreed  evaluation  plan  of  this  system  at  NAFEC. 

The  system  was  Installed  as  an  85  foot  antenna  array  localizer  and 
an  M-array  glide  slope.  The  evaluation  plan  included  an  evaluation 
of  system  performance  against  ICAO  Annex  10  Category  III  ILS 
requirements  but  was  primarily  for  the  purpose  of  evaluating  the 
integrity  of  localizer  and  glide  slope  executive  monitor  systems 
under  conditions  of  transmitter  antenna  malfunctions  and  environmental 
factors,  including  overflights.  Following  the  installation  and 
evaluation  efforts  which  were  completed  during  the  period  from 
August  1969  through  May  1971,  the  system  was  transferred  and  installed 
at  the  Dulles  International  Airport  as  a wide  aperture  185  foot  antenna 
localizer  and  a null  reference  glide  slope  for  an  operational  eval- 
uation which  eventually  resulted  in  an  FAA  purchase  of  the  system 
and  commissioning  it  as  a Category  III  ILS.  FAA  reports  FAA-RD-72-50 
"Test  and  Evaluation  of  Category  III  ILS  Ground  Guidance  Equipment 
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'STAN  Localizer  Tesi.s  at  MAFEC  on  R/W-4"'  and  FAA-RD-72-105 
"Teat  and  Evaluation  of  Category  III  ILS  Ground  Guidance  Equipment 
'STAN  38  Glide  Slope  Tests  at  NAFEC  on  Runway  4'"  describe  the 
evaluation  and  testa  on  the  STAN  37/38  equipment. 

An  important  conclusion  from  the  NAFEC  testa  on  the  STAN  38  was  a 
validation  of  the  FAA  practice  of  always  requiring  a separate  glide 
8 lope  clearance  signal  with  the  M-array. 

2.3  Recent  Category  III  ILS  development 

Although  it  would  have  been  possible  to  implement  nominal  Category 
III  ILS  equipment  in  the  U.S.  by  procuring  additional  STAN  37/  's 
and/or  French  equipment  claimed  suitable  for  Category  III  ILS,  a 
decision  was  made  in  order  not  only  to  develop  U.  S.  domestic  cap- 
ability, but  also,  to  implement  Improvements  over  already  existing 
system  designs.  The  development  effort  was  not  required  to  be  100 
percent  new  development  as  it  was  Intended  that  advantage  should  be 
taken  as  much  as  possible  of  already  existing  modern  solid  state 
design,  in  major  units  such  as  transmitters,  monitors,  etc.,  and 
modify  and  assemble  these  as  a system  uping  appropriate  redundancy 
to  achieve  the  highest  feasible  system  reliability  and  availability. 
The  approach  was  taken  as  a practical  compromise  to  save  time  as  well 
as  expense. 

Texas  Instilments , Incorporated  (TI)  was  awarded  a contract  on 
June  30,  1971,  to  develop  and  furnish  two  Category  III  ILS  (FAA 
MARK  III  ILS)  vA  to  install  one  of  these  at  NAFEC.  The  contract 
was  later  amended  to  include  the  installation  of  the  second  system 
at  the  William  B.  Hartsfield  Atlanta  International  Airport  and  to 
furnish  a third  system  for  installation  at  the  Sen  Francisco 
International  Airport.  The  NAFEC  system  has  undergone  extensive 
evaluation  at  NAFEC  since  its  installation  including  a localizer 
monitor  integrity  evaluation  with  antenna  malfunctions  by  Ohio 
University  in  February  1973.  The  overall  MARK  III  evaluation 
at  NAFEC  is  being  covered  in  a separate  NAFEC  report  yet  to  be 
published.  The  Atlanta  system  was  commissioned  as  Category  III 
on  November  28,  1974,  and  the  NAFEC  system  on  Junuary  16,  1975, 
as  Category  I,  however,  although  the  MARK  III  by  itself  met 
Category  III  ILS  requirements.  The  San  Francisco  system  was 
installed  during  the  summer  of  1975  and  later  also  commissioned. 

In  a related  equipment  development  effort  for  test  equipment, 

Card ion  Electronics  was  awarded  a contract  at  the  end  of  19/1 
to  develop  and  deliver  an  ILS  Monitor  Precision  Calibrator  for 
use  as  Category  III  ILS  test  equipment. 
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Id  addition  to  the  initial  implementation  of  Category  III  ILS, 
modification  of  existing  suitable  Category  II  ILS  was  considered 
as  an  alternate  means  for  achieving  Category  III  ILS.  The 
feasibility  of  this  approach  was  demonstrated  through  a contract 
with  TI  to  furnish  and  install  a Category  II  to  III  ILS  upgrade 
kit  in  the  Category  II  ILS  at  NAFEC  (TI  type  GRll-27)  during  the 
slimmer  of  1974.  The  performance  requirements  of  an  ILS  thus 
upgraded  were  nearly  identical  to  those  of  the  FAA  MARK  III  ILS. 

A NAFEC  report  on  the  installation  effort  is  included  as 
APPENDIX  C of  this  report. 

As  of  the  summer  of  1975  the  initial  goal  for  the  development, 
implementation  and  evaluation  of  a Category  III  ILS  had  been  reached. 
Based  on  our  experience  with  the  system,  however,  and  later  develop- 
ments, there  are  known  areas  where  significant  improvements  for  the 
present  as  well  as  future  systems  are  possible.  Efforts  are  continuing 
tu  bring  about  these  improvements  to  enhance  the  safety,  economy  and 
performance  of  the  VRF/UHF  ILS  in  general  which  includes  not  onl> 
the  Category  III  ILS  but  also  Category  I and  II  ILS  as  well. 
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Chapter  3 
DISCUSSION 


Except  for  unanticipated  problems  and  delays  associated  with  the 
field  implemantion  of  the  first  two  MASK  III  ILS's,  the  original 
goals  of  the  development  effort  have  essentially  been  met. 
Engineering  Requirement  CAT  III/II  ILS  Development  FAA-ER-320-002 
(see  APPENDIX  A)  which  was  used  for  the  development  effort  and 
the  system  equipment  handbooks  are  referred  to  for  specific 
details  in  the  performance  requirements  and  the  technical 
description,  respectively. 

For  a further  insight  into  the  equipment  a comparative  perspective 
of  the  MARK  III  ILS,  the  upgraded  TI  Category  II  ILS  and  other 
types  of  Category  III  ILS  is  presented  below  by  identifying 
outstanding  differences  among  these  systems. 

3.1  KARKIII  vs  LS  371 


Although  the  FAA  MARK  III  ILS  is  basically  of  original  French 
design  as  implemented  in  the  Thomson  CSF  type  I.S  371,  the  French 
type  Category  III  ILS,  there  are  nevertheless  a number  of 
differences  between  the  two  systems  which  it  was  felt,  should 
contribute  to  greater  reliability  for  the  U.5.  system.  For  example, 
the  MARK  III  ILS  has  triplicate  localizer  and  glide  slope  clearance 
monitors  while  only  single  clearance  monitors  are  used  in  the  LS  371. 
Also,  unlike  the  MARK  III,  the  LS  371  has  no  standby  transmitter 
course  width  monitor,  no  glide  slope  integral  course  monitor,  no 
localizer  Identification  monitor,  no  shelter  temperature  monitor, 
no  glide  slope  antenna  mast  misalignment  detector  or  localizer  near 
field  and  far  field  course  monitors.  The  LS  371  would  not  meet  the 
FAA  engineering  requiremen  t for  continued  normal  operation  during 
environmental  extremes  and  a three  hour  commercial  power  failure. 

To  insure  monitor  fail-safe  operation  an  air  traffic  controller  may 
remotely  test  the  LS  371  monitors  for  fail  safe  operation  just 
prior  to  authorizing  a Category  III  ILS  approach,  but  in  the  MARK  III 
high  fail-safe  reliability  is  primarily  insured  through  equipment 
design  and  scheduled  maintenance  without  requiring  this  additional 
controller  responsibility. 

3.2  MARK  III  vs  STAN  37/38 


In  comparison  to  the  STAN  37/38  ILS  which  employs  triplicate 
monitoring  through  separate  inputs  from  internal,  aperture  and 
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near  field  monitors , the  MARK  III  also  uses  triplicate  monitoring 
but  derives  its  Monitor  Inputs  fron  integral  Monitor  probe  pick-up 
elements  located  close  to  the  antenna  elements.  Integral 
monitor  ing  in  the  MARK  III  assures  that  equipment  transfer  and 
shutdowns  are  initiated  by  a monitor  input  signal  closely  analogous 
to  an  out-of-tolerance  condition  in  the  far  field,  avoids  misleading 
near  field  effects  and  is  not  affected  by  overflight  interference. 
The  MARK  III  ha3  additionally  a near  field  plus  a far  field 
difference  in  depth  modulation  (dda)  monitor  which  will  recognize 
far  field  disturbances  in  the  approach  area  resulting  in  an  out- 
of-tolerance  course  alignment  and  alert  the  controller  by  down- 
grading the  Category  III  ILS  status  1 mediately  or  after  a short 
delay,  as  desired,  in  the  tower.  If  the  out-of-tolerance  condition 
persists  for  a period  longer  than  normally  caused  by  far  field 
overflight  interference,  the  MARK  III  far  field  monitor  will  shut 
down  the  localizer.  The  MARK  III  and  the  STAN  37/38  both  require 
two-out-of-three  idential  monitors  (i.e.,  such  as  identical  course, 
width  or  clearance  monitors)  to  alarm  before  executive  action  is 
initiated,  but  there  is  an  obvious  difference  in  the  control  logic 
in  the  MARK  III  compared  to  the  STAN  37/38  (and  also  th2  LS  371). 

For  example,  the  STAN  37/38  monitor  system  will  cause  transfer 
and/or  shutdown  with  a single  radio  frequency  (rf)  level  alarm 
on  one  monitor  plus  a ddm  alarm  on  another  monitor  in  the  same 
group  while  the  MARK  III  requires  either  two  rf  alarms  or  two 
ddm  alarms  from  the  same  monitor  group  to  cause  executive 
action. 

The  STAN  37/38  employs  mechanical  transfer  relays  and  mechanical 
modulators  while  the  MARK  III  has  no  moving  parts  in  the 
transmitter  system  and  uses  a solid  state  modulator  which  serves 
to  reduce  maintenance  requirements.  In  comparing  the  antenna 
systems  it  can  be  observed  that  the  wide  aperture  configuration 
for  each  produces  comparable  main  beam  widths;  however,  the 
STAN  37  localizer  employs  24  dipole  antenna  elements  versus 
only  seven  antenna  elements  for  the  MARK  III  parabolic  array. 

The  MARK  III  requires  separate  course  and  clearance  carrier 
frequencies  while  the  STAN  37  localizer  generates  course  and 
clearance  by  means  of  90/150  quadrature  audiotone  modulation  of 
a 3ingle  carrier.  The  MARK  III  provides  satisfactory  clearance 
to  beyond  + 50°  from  the  courseline  while  the  STAN  37  exhibits 
a sharp  ddm  reversal  at  approximately  + 41“  from  the  courseline. 

The  operating  environment  for  the  STAN  37/38  is  required  to  be 
within  0°C  to  +30®C  while  the  corresponding  requirement  for  the 
FARK  III  is  from  -10°C  to  +50  C.  A number  of  other  differences 
exist  but  are  perhaps  of  less  significance.  Having  been  developed 
and  installed  only  relatively  recently,  the  MARK  III  has  been 


- 8 - 


subject  to  a number  of  initial  system  shakedown  failures  and  only 
long  tern  operation  of  both  systems  will  establish  the  relative 
maintenance,  operation  and  reliability  merits  of  the  two  systems. 

3.3  Mark  III  and  GRN-27  (Category  ll)  Comparison 

The  MASK  III  end  the  GRN-27  having  both  been  manufactured  by  TX 
have  a number  of  identical  subassemblies.  Except  for  the  localizer 
antenna,  discussed  below,  the  essential  difference  between  the  two 
systems  is  a MAKE  III  tighter  tolerance  monitor  system  and  equipment 
redundancy  designed  to  achieve  greater  overall  operation  reliability 
and  availability.  Obviously,  a given  HARK  III  would  be  expected 
to  experience  a greater  total  of  individual  component  failures  over 
a period  of  time  as  compared  to  a GRN-27  system;  however,  improved 
system  reliability  is  assured  by  the  fact  that  mos j Individual 
MARK  III  single  equipment  failures  are  not  likely  to  result  in  an 
erroneous  radiated  signal  or  a system  shutdown,  tor  example,  in 
contrast  to  the  Category  II,  a battery  or  battery  charger  failure, 
a dc/dc  converter  failure,  a transmitter  failure  or  a monitor 
peakdetector  failure  will  not  cause  a significant  Interruption 
or  a loss  of  the  radiated  signal.  Unlike  the  Category  II,  the 
MARK  III  ILS  has  a continuously  operating  standby  transmitter 
into  a dummy  load  monitored  and  controlled  by  a set  of  single 
Internal  monitors,  and  if  that  transmitter  is  operating  it  is 
immediately  available  upon  transfer.  In  order  to  display  a 
Category  III  status  indication  on  the  indicator  located  in  the 
tower  both  main  and  standby  localizer  and  glide  slope  transmitters 
must  be  operating  satisfactorily.  The  radiated  clearance,  course, 
course  width,  and  identification  parameters,  as  applicable,  are 
each  monitored  by  three  monitors,  at  leant  two  of  which  must  indicate 
a fault  condition  for  transfer  or  shutdown  to  take  place.  This 
arrangement  not  only  prevents  a single  monitor  from  shutting  down 
the  transmitter  due  to  a monitor  failure  but  also  prevents  a single 
monitor  from  failing  to  shut  down  the  transmitter  if  this  monitor 
is  not  fail-safe  and  the  other  two  are  operating  properly.  Each 
monitor  is  provided  with  its  own  peakdetector.  The  GRN-27  ILS  on 
the  other  hand  employs  dual  monitors  with  a common  peak  detector 
for  each  set  of  course  width,  and  clearance  monitors. 

The  MARK  III  localizer  antenna  is  the  parabolic  array  with  a 
176  foot  aperture.  The  reflector  parabola  is  18  foot  high.  Three 
course  V-frame  antennas  located  at  the  focal  point  radiate  energy 
back  towards  the  parabola  which  focuses  the  reflected  energy  into 
a very  narrow  horizontal  and  low  vertical  angle  beam.  Four 
separate  clearance  array  elements  radiate  clearance  for  a 
coverage  of  more  than  + 50°  about  the  localizer  course  centerline. 


The  installation  of  the  parabolic  array  requires  very  precise 
placement  and  rather  Intricate  adjustment  and  tuning  but  having 
been  installed,  the  antenna  apparently  provides  very  stable 
performance.  Early  experience  at  Atlanta  and  NAFEC  established 
the  necessity  of  furnishing  radoaes  for  the  radiating  eleaents 
including  the  monitor  proximity  pickup  eleaents  in  order  to  avoid 
degrading  perforaance  effects  of  rain  and  ice.  If  the  traveling 
wave  antenna  had  been  sufficiently  developed  and  tested  at  the 
tlae  the  Category  III  ILS  development  contract  was  signed  it  is 
possible  that  the  MARK  III  could  have  been  furnished  with  a 
traveling  wave  localizer  antenna.  The  traveling  antenna, 
used  with  the  GRN-27,  exhibits  the  obvious  advantage  of  being 
a low  profile  antenna  and  is  relatively  easy  to  install  and  adjust; 
however,  it  requires  additional  power  input  furnished  by  a power 
amplifier  in  addition  to  the  basic  MARK  III  type  transmitter 
to  provide  the  comparable  coverage  of  the  parabolic  array. 
Theoretically,  the  traveling  wave  antenna  with  the  greater 
number  of  radiating  eleaents  and  corresponding  number  of  connectors 
is  subject  to  a higher  failure  rate  than  the  parabolic  array. 
Transmission  line  open/short  detectors  and  misalignment  detectors 
unlike  the  traveling  wave  localizer  antenna  are  not  used  with  the 
parabolic  antenna. 

For  Category  III  ILS  application,  with  an  upgraded  GRN-27  localizer, 
the  antenna  array  may  consist  of  the  basic  Category  II  localizer 
two  frequency  IB  array,  that  is  the  14  and  6 element  arrays  for  course 
and  clearance,  respectively,  to  provide  Category  III  course  alignment 
and  quality,  or  a 22  and  8 element  array  combination  may  be  required 
depending  on  the  siting  conditions.  The  22  element  army  would 
provide  a narrow  course  beam  comparable  to  that  of  the  parabola, 
but  is  of  course  more  complex  than  the  14  element  array.  Development 
efforts  are  underway  to  finalize  a technique  to  combine  the  14  and  6 
arrays  and  the  22  and  8 arrays,  respectively,  into  single  14  and  22 
element  arrays  for  the  7*adi.ation  of  both  course  and  clearance  signals. 
Such  arrays  are  expected  to  reduce  the  cost  and  complexity  of  the 
antenna  system  and  improve  the  reliability  of  the  traveling  wave 
antenna  array  both  for  Category  II  and  III  ILS  application.  A 
possible  further  step  toward  localizer  antenna  reliability 
improvement  may  include  the  adoption  of  a so-called  slotted 
cable  localizer  antenna  presently  under  development  by  SRDS. 

3.4  Category  II  to  III  ILS  Upgrade  Effort 

As  mentioned  earlier,  der .out?  ration  of  the  upgradability  of  a 
Category  II  to  III  ILS  of  the  GRN-27  with  a traveling  wave  antenna 
localizer  has  been  made  at  NAFEC.  It  involves  the  procurement 
of  a suitable  upgrade  kit  developed  by  TI  and  following  a pre- 


- 10  - 


determined  step-by-step  procedure  to  minimize  the  length  of  the 
installation  effort.  The  upgrade  effort  includes  a modification 
of  all  the  ILS  stations.  Dual  marker  beacons  in  lieu  of  the 
existing  single  marker  beacon  is  desirable  to  maintain  good  marker 
beacon  availability.  The  1 ver  equipment  is  replaced  by  new  remote 
control  indicators  which  differentiate  between  power  failure 
alarms  and  monitor  alarms  and  also  provide  an  ILS  status  indicator. 

The  far  field  monitor  is  replaced  with  an  upgraded  version 
consisting  of  two  additional  antennas,  two  additional  receivers 
and  three  monitor  channels  instead  of  two.  The  localizer  and 
glide  slope  transmitters,  cabinets  and  autenna  systems  remain 
intact,  but  additional  monitors,  peakdetectors,  dual izat ion 
of  batteries,  power  supplies  and  control  unit  boards  replacement 
are  required.  The  Category  II  antenna  change  over  relays  are 
replaced  with  solid  state  pin  diode  rf  switches  which  provide 
nearly  instantaneous  transfer.  Also,  the  present  Category  III  ILS 
uses  an  overall  heated  box  for  its  peak  detectoLS  rather  than 
individually  heated  Category  II  peak  detectors.  As  part  of  the  upgrade 
effort  replaced  surplus  equipment  becomes  available  for  the 
Category  II  ILS  inventory. 

Certain  variations  in  the  Category  III  ILS  upgrade  scheme  are 
possible  without  greatly  affecting  the  basic  performance  comparison 
of  the  upgraded  ILS  with  the  MARK  III.  The  MARK  III  ILS  monitor 
units  are  similar  to  the  GRN-27  except  for  certain  parts  quality 
and  tolerance  designed  for  better  performance  stability  in  the 
MARK  III  and  an  output  logic  which  allows  for  comparison  of  the 
status  of  the  individual  parameters  of  each  monitor  (ddm,  rf  and 
sdm) , rather  than  the  method  of  comparing  the  overall  status 
alarm  signal  of  each  monitor  unit.  The  former  method  as  used  in 
the  MARK  III,  theoretically  provides  for  greater  system  availability 
and  reliability  in  the  long  run;  however,  increased  equipment 
complexity  and  relative  costs  are  also  factors  to  be  considered. 

In  the  upgrade  effort  at  NAFEC  the  former  method  was  used  for  the 
loc&lizer  by  replacing  all  the  monitors,  and  the  latter  method  for 
the  glide  slope  by  supplementing  the  existing  monitors  with  the 
replaced  monitors  from  the  locali/er. 

Obviously,  many  other  details  must  be  considered  beyond  the  broad 
outline  given  here,  but  the  procedure  developed  for  NAFEC  is 
considered  to  be  an  effi«_iej,t  way  to  establish  a Category  III  ILS 
where  a GRN-27  type  ILS  is  already  in  place.  Recommissioning 
flight  checks  are  required  to  set  the  monitor  alarm  limits  but 
the  transmitter  system  and  antenna  should  not  require  readjustment. 
Other  schemes  for  establishing  Category  III  ILS  include  a replacement 


with  entirely  prewired  cabinets,  entirely  prewired  shelters, 
or  a completely  new  Category  III  ILS  facility.  The  first 
two  schemes  would  require. additional  station  tune-up  and  alignment 
and  the  last  one  would  require  additional  downtime  but  would  be 
necessary  if  the  existing  facility  is  not  a GRN-27  type. 

3.5  MARK  III  ILS  FMECA  Study  and  Reliability  Evaluation 

The  Category  III  ILS  system  reliability  has  been  given  uppermost 
attention  in  the  design  and  implementation  of  the  MASK  III  ILS. 

It  is  obviously  Impossible  at  the  same  time  to  design  a practical 
and  an  absolutely  "safe"  system.  For  the  development  effort  a 
reliability  goal  in  the  form  of  an  absolute  number  was  specified 
such  that  theoretically  the  electronic  ground,  system  should  not 
contribute  a significant  factor  to  cause  a Category  III  ILS 
approach  and  landing  to  be  more  risky  than  the  average  human 
experience  in  day-to-day  activities.  Since  the  ILS  is  only  a 
link  in  the  chain  that  represents  all  the  conditions  needed  to 
insure  successful  execution  of  an  all  weather  landing,  the  actual 
required  reliability  number  (less  than  one  ground  system  ILS 
operational  failure  during  the  critical  phases  of  10  million 
landings)  may  be  considered  somewhat  arbitrary. 

The  stated  reliability  requirement  for  the  MARK  III  ILS  develop- 
ment was  as  follows:  "That  during  the  critical  phase  of  a 

Category  III  Landing  (any  10  and  5 second  period  for  the  localizer 
and  glide  slope,  respectively)  the  probability  of  a potentially 
hazardous  signal  fault  Including  loss  of  signal  shall  not  exceed 
1.0  x 10*7."  F0r  a Category  III  approach  the  assumption  is  that 
the  ILS  is  fully  operational  in  a Category  III  status,  Including 
active  standby  equipment,  prior  to  the  aircraft  entering  the 
critical  phase  as  described.  The  theoretical  determination  of  the 
reliability  of  the  proposed  TI  design  is  described  in  the  TI  report 
No.  FAA-RD-72-8  "FAILURE  MODES,  EFFECTS  AND  CRITICALITY  ANALYSIS 
(FMECA)  of  the  Category  III  Instrument  Landing  System"  the  purpose 
of  which  was  primarily  to  verify  that  the  equipment  design  and 
system  interface  was  such  that  the  reliability  requirement  would  be 
met  in  a total  system  configuration.  In  actuality,  the  theoretics! 
design  goal  was  not  easily  achieved  but  became  possible  with  a 
reasonable  effort  which  was  reelly  the  intent  of  the  development. 

The  initial  analysis  revealed  tl  c need  for  a number  of  design 
modifications  which  when  incorporated  resulted  in  a system 
theoretical  hazard  probability  to  less  than  .9  x 10  . The 

method  of  analysis  could  serve  as  an  illustration  of  a technique 
to  evaluate  the  comparative  hazard  probability  of  the  performance 
of  other  systems.  The  FMECA  study  also  produced  a number  of 
other  results  including  identification  of  all  hazardous  failure 
modes,  the  effect  of  these  failures  and  a quantitative  rationale 


for  the  frequency  of  "hidden"  failure  preventive  maintenance 
check*  to  maintain  the  system  reliability. 

A similar  FMECA  study.  Report  No.  FAA-RD-73-11,  "Failure  Modes 
and  Criticality  Analysis  (FMECA)  of  Category  III  Instrument 
Landing  Systems  with  Traveling-Wave  Localizer  Antenna",  was 
performed  to  include  the  reliability  impact  on  the  system  by 
the  use  of  this  antenna,  which  resulted  in  a somewhat  lower 
reliability  figure  for  this  system  due  to  a greater  number  of 
localizer  antenna  elements  and  the  addition  of  the  localizer 
transmitter  power  amplifiers.  The  analysis  is  reasonably 
representative  although  it  does  not  cover  certain  changes  or 
developments  that  have  occurred  since  the  report  was  written 
such  as  the  replacement  of  the  localizer  near  field  monitor, 
the  installation  of  the  antenna  array  misalignment  detector  and 
the  installation  of  antenna  and  monitor  system  rf  transmission 
lines  open/short  detectors.  (These  open/short  detectors  were 
first  installed  in  the  upgraded  ILS  at  NAFEC  in  May  1975  for 
evaluation.) 


The  Category  III  ILS  development  contract  required  an  operational 
practical  demonstration  on  the  first  two  systems  to  verify  that 
the  specified  reliability  requirement  had  been  met.  Since  it 
was  impossible  to  demonstrate  this  directly  within  a reasonable 
period  of  time  (about  six  months)  on  only  two  systems  with  any 
degree  of  confidence,  an  alternate  method  was  chosen.  The 
theoretical  operational  reliability  had  been  derived  from 
individual  component  failure  rates,  using  the  probabilities 
of  single  and  multiple  failures  that  could  cause  a total  failure, 
given  a fully  operative  Category  III  status  at  the  beginning  of  any 
10  or  5 second  period.  These  basic  component  failure  rates  had 
been  used  in  the  calculation  of  the  equipment  Mean  Time  Between 
Failures  (MTBF)  which  is  in  the  order  of  795  hours  for  the 
MARK  III  ILS  localizer  and  glide  slope  considered  together. 
(Although  this  equipment  MTBF  is  comparatively  lower  than  that  of 
the  GRN-27,  the  total  system  operational  MTBF  or  potentially 
hazardous  probability  corresponding  to  an  MTBF  or  approximately 
26,000  hours,  is  primarily  achieved  through  effective  use  of 
circuits  and  equipment  redundancy.)  By  demonstrating  the 
equipment  MTBF  and  consequently  the  acceptability  of  the  same 
component  failure  rate  data  fiom  which  the  total  system  operational 
reliability  figure  was  derived,  the  validity  of  this  figure, 

.9  x 10"  , would  be  indirectly  verified. 
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A reliability  demonstration  plan  was  prepared  for  the  first 
two  systems,  not  to  exceed  5,000  hours  of  simultaneous  operation. 
The  actual  testing  was  started  on the  Atlanta  system  in  December 
1973  and  continued  through  June  1974  i or  total  of  4764  test 

hours.  The  NAFEC  system  was  operate!  for  843.6  test  hours,  and  was 
terminated  on  August  30,  1974,  for  lack  of  additional  support 
funds  which  left  the  overall  test  result  In  a "no-decision" 
statue  according  to  the  test  plan  predetermined  acceptance 
criteria. 


The  results  of  the  reliability  demonstration  test  during  the 
abbreviated  time  period  are  not  outstanding,  regardless  of  the 
relative  number  of  failures  considered  "relevant"  or  "non-relevant" 
basea  on  the  sped- led  test  conditions.  However,  the  formal 
evaluation  did  serve  as  a means  for  systematic  analysis  and 
.•.£.reful  documentation  of  actual  in-the-field  operation  to  justify 
any  needed  corrective  design  modification. 


Eleven  relevant  failures  were  determined  which  did  not  allow  final 
determination  of  reliability  acceptability  or  rejection.  A 
number  of  failures  can  be  contributed  to  initial  system  "shake 
down"  failures  and  are  not  likely  to  be  repeated  while  others 
have  resulted  in  equipment  design  modifications,  such  as  for 
example  the  antenna  radome  installation.  The  most  outstanding 
problem  has  been  destructive  effects  as  well  as  non-destructive 
operational  interference  due  to  lightning  induced  transients 
on  the  ILS  interstation  monitor  and  control  lines.  Some 
corrective  measures  have  been  taken  to  resolve  the  problem  but 
it  is  still  the  object  for  a continuing  effort  (see  below). 

Detailed  results  of  the  reliability  demonstration  test  are  furnished 
in  the  TI  final  report  FAA-RD-74-180  "Instrument  Landing  System 
Category  III"  which  is  referred  to  for  further  reference. 

The  following  is  a somewhat  arbritrary  classification  of  the  incidents 
experienced  on  the  MARK  III  during  the  test  period  as  derived  from 
the  TI  report: 


Description  of  Problem 


No.  of  Events 


Random  component  failures  not  listed  below  5 

Failure  of  operation,  unknown  cause,  no 

component  failure  5 

Mechanical  failure,  solder,  wire,  etc., 

potential  future  problem  eliminated  19 

Failure  due  to  lack  of  localizer  antenna 
radomes,  potential  future  problem 
eliminated  8 
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Failure  due  to  improper  tune-up  and 
aalnf  numce,  potential  future  problem 


eliminated  90 
Failure  due  to  lightning  11 
Fuse  failures  4 
Reset  of  circuit  breaker  required  9 
Failure  due  to  equipment  other  than  TI  4 


TOTAL  155 


Thirteen  of  the  above  Incidents  led  to  total  localizer  or  glide 
slope  shutdown. 

The  Marker  beacons  in  the  first  two  MARK  111  1LS  Installations 
unu'irwent  a separate  reliability  test  during  the  fall  of  1974 
designed  to  demonstrate  an  MTBF  of  10,000  hours  cf  each  station. 
During  this  period  an  antenna  design  deficiency  was  determined 
and  corrective  action  taken.  The  test  resulted  In.  a successful 
acceptance  decision  of  the  marker  beacons. 

3.6  Far  Field  Monitor 


The  MARK  III  ILS  localluer  Far  Field  Mjnito*-  referred  to  earlier 
is  an  integral  part  of  the  system  anu  serves  several  functions. 

The  final  role  and  use  or  the  Far  Field  Monitor  have  not  been 
clearly  established,  but  the  development  of  this  monitor  has 
served  to  highlight  and  demonstrate  certain  capabilities. 

Both  the  MARK  III  and  the  GRN-27  Category  II  ILS  Far  Field  Monitor 
consist  of  VHF  receiver  and  monitor  channels,  usually  located  in 
the  vicinity  of  the  middle  marker  on  the  runway  centerline 
extended.  They  monitor  the  localizer  course  alignment  for 
a zero  difference  in  the  90  and  150  Hz  modulation  depths  (ddm) 
and  will  cause  the  localizer  to  shut  down  in  the  event  that  the 
localizer  course  alignment  as  seen  by  the  monitors  should  exceed 
and  remain  outside  Category  II  tolerance,  that  is,  beyond  nominal 
+ 10.7  microamperes  for  at  least  70  seconds.  The  monitor  indicated 
ddm  is  also  relayed  to  the  localizer  station  on  a landline  as  an 
analog  dc  voltage  for  a remote  meter  indication.  This  indication 
may  be  used  as  a maintenance  tool  to  remotely  check  and  adjust  the 
far  field  localizer  course  alignment. 

The  MARK  III  ILS  Far  Field  Monitor  consists  of  triple  monitors,  each 
associated  with  its  own  VHF  receiver  and  all  located  in  the  same 
shelter.  The  three  receiver  antennas  are  located  along  the  runway 
centerline  extended  and  separated  by  more  or  less  arbitrary 
longitudinal  distances  to  provide  some  space  diversity.  It  is 
known  that  a localizer  course  interception  of  the  centerline  at  a 
given  check  point  does  not  guarantee  the  absence  of  deviations  at  other 
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points  along  the  centerline.  Space  diversity  with  three  Monitors 
assures  a better  detection  ot  these  potential  (static)  course 
deviations.  It  is  conceded  that  the  distances  between  the 
antennas  as  installed  probably  do  not  represent  the  optimum 
separation  for  detecting  reflections  trow  reflecting  surfaces 
cm  any  given  airport.  Furthermore,  the  Magnitude  of  a static 
or  dynaaic  deviation  seen  by  the  Monitor  May  not  correspond 
to  the  absolute  magnitudes  of  deviations  experienced  by  an 
overflying  aircraft  on  an  ILS  approach  due  to  the  difference  of 
antenna  location  of  the  aircraft  and  the  far  field  monitors. 

The  Far  Field  Monitor  will  not  detect  a far  field  chmge  of 
sideband  only  radiation  affecting  course  width  and  clearance. 

At  any  rate,  however,  it  is  important  that  the  monitor  will 
detect  dynamic  and/or  static  changes  of  jhe  localizer  courts 
alignment  from  any  cause  and  provide  a remote  indication  and/or 
executive  action.  Additional  efforts  will  be  required  to  develop 
a Far  Field  Monitor  which  ideally  should  indicate  a true 
correlation  with  signals  seen  by  approach  aircraft  on  the  approach 
path,  and  cause  instantaneous  executive  action  as  warranted. 

In  addition  to  the  shutdown  capability  function  of  the  localizer 
based  on  a two  out  of  three  monitor  vote,  the  MARK  I7.I  Far  Field 
Monitor  will  also  provide  an  output  function  indicating  an  at 
least  two  out  of  three  monitor  channel  determination  of  Category  III 
course  alignment  (nominally  within  +8.6  micro-amperes.)  This 
information  is  available  at  the  remote  control  indicator  in  the 
tower  as  one  condition  (out  of  several  others)  which  unless  bypassed 
must  be  satisfied  for  the  Remote  Control  Indicator  equipment  to 
display  the  Category  III  status  indication.  Normally,  whenever  an 
aircraft  flies  over  the  Far  Field  Monitor,  the  localizer  signal  r. s 
seen  by  the  Far  Field  Monitor  is  temporarily  disturbed  causing 
an  accompanying  temporary  down-grading  of  the  ILS  status  in  the 
tower  and  a temporary  buzzer  sound.  Since  this  represents  a 
nuisance  during  fair  weather,  a provision  is  available  to  the 
tower  operator  which  allows  him  to  easily  mask  up  to  20  seconds 
any  temporary  loss  of  Category  III  course  alignment  Information 
as  furnished  by  the  Far  Field  Monitor. 

At  the  present  time,  it  is  possible  to  bypass  the  Far  Field  Monitor, 
thereby  disabling  the  executive  control  of  the  localizer  as  well 
as  the  Category  III  course  alignment  Indication  to  the  tower 
without  the  tower  having  knowledge  of  the  bypass.  To  the  extent 
that  the  Far  Field  Monitor  is  required  to  verify  the  localizer 
alignment  it  appears  corrective  action  is  warranted.  A relatively 
eaey  modification  would  insure  that  the  Category  III  course 
alignment  local  indication  to  the  tower  would  not  be  bypassed, 
ever,  if  the  executive  control  function  from  the  Far  Field  Monitor 
of  the  localizer  is  bypassed  locally.  The  means  exist  in  the  tower 
equipment  to  ignore  the  Far  Field  Monitor  indication  if  so  desired. 
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A potentially  desirable  Modification  is  for  the  addition  of  tower  bypass 
capability  cf  the  Far  Field  Monitor  shutdown  function,  to  allow  lower 
Category  ILS  service  in  the  event  of  Far  Field  Monitor  failure. 

Another  unique  feature  of  the  MASK  III  Far  Field  Monitor  is  the 
shutdown  alert  function.  When  activated,  this  function  causes 
a 1900/2100  Hz  tone  modulation  to  be  generated  over  the  localizer 
transmitter.  The  tone  is  generated  just  prior  to  a likely  shutdown 
of  the  localizer  by  an  impending  shutdown  control  signal  to  the 
localizer  from  the  Far  Field  Monitor  (or  the  near  field  monitor). 

The  purpose  of  the  shutd-nm  alert  signal  is  to  warn  a pilot 
using  the  localizer  that  he  may  expect  a shutdown  of  the  localizer 
within  five  emends  so  that  he  may  abort  his  approach  for  safety 
reasons,  if  necessary.  Although  the  1900/2100  Hz  signal  produces 
a uniquely  discordant  sound,  because  of  the  rarity  of  its  occurrence, 
its  practical  use  may  be  questioned.  A possible  extended  use  of 
this  capability  would  be  to  exercise  it  whenever  the  Far  Field 
Monitor  sees  a significant  disturbance. 

3.7  Maintenance  Monitor 


A unique  feature  of  the  FAA  MARK  III  ILS  is  the  addition  of  the 
Maintenance  Monitor  which  is  a non-executive  type  monitor. 

Although  the  Maintenance  Monitor  is  associated  with  the  ILS 
equipment  in  the  localizer,  glide  slope  and  localizer  far  field 
monitor  as  an  ancillary  system,  the  ILS  operates  independently 
of  it,  that  is,  a failure  in  the  Maintenance  Monitor  itself  Is 
very  unlikely  to  affect  the  ILS  operation.  Each  local  station 
operates  within  certain  operational  tolerances  which,  if  exceeded, 
will  immediately  or  eventually  affect  the  availability  and/or 
the  integrity  of  the  radiated  signal.  The  primary  function  of 
the  Maintenance  Monitor  is  to  relay  detailed  information  to  the 
remote  control  point  on  the  status  of  the  equipment  operation 
in  addition  to  the  Information  already  available  from  the  Remote 
Control  Indicator  such  as  Maln/Standby/OFF  and  general  monitor 
alarm  Indications.  The  Maintenance  Monitor  information  is 
relayed  to  the  tower  equipment  maintenance  room  whenever  a given 
monitored  signal  parameter  has  exceeded  a preset  warn4ng  level. 

For  example,  the  Category  III  ILS  course  alignment  monitor  is 
normally  adjusted  to  cause  executive  transfer  or  shutdown  action 
if  the  alignment  has  drifted  to  a value  corresponding  to  + 20  feet 
displacement  at  the  approach  runway  threshold,  but  the  Maintenance 
Monitor  may  be  adjusted  to  indicate  its  warning  signal  when  the 
course  alignment  has  shifted  to  a somewhat  less  than  normal  alarm 
such  as  + 10  feet  or  any  preset  value  as  desired.  By  having  access 
to  certain  monitor  pre-alarm  conditions,  preventive  maintenance 
may  be  initiated  by  prevent  any  further  transmitter  drift,  restore 
the  monitor  to  service,  correct  shelter  temperature,  or  do  whatever 
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corrective  action  la  required  to  prevent  a potential  loss  of 
the  radiated  signal.  The  Maintenance  Monitor  warning  level 
■ay  be  act  at  a general  75%  of  the  alarn  or,  depending  on 
experience  at  a level  just  beyond  the  normal  parameter  excursions. 

As  presently  Installed,  the  Maintenance  Monitor  reaotes  20,  17  and  A 
Indications  from  the  localizer,  the  glide  slope  and  the  localizer 
far  field  monitor  respectively  to  the  tower  equlpaent  room. 

It  is  obvious  that  the  Maintenance  Monitor  will  contribute  to 
the  integrity  of  the  ILS  by  indicating  the  need  for  preventive 
maintenance.  On  the  other  hand  it  also  serves  to  give  a remote 
indication  of  a system  operating  well  within  the  alarm  limits 
Which  may  serve  to  reduce  the  frequency  for  preventive  maintenauce 
visits  to  the  sites. 

To  date  relatively  limited  practical  experience  has  been  obtained 
to  demonstrate  the  practical  usefulness  of  the  Maintenance  Monitor 
in  order  to  recommend  a general  implementation  of  ‘this  equipment 
for  all  Category  III  ILS.  The  system,  in  principle,  may  have 
application  for  the  Category  II  a3  well.  Further  evaluation 
to  explore  the  capabilities  and  usefulness  of  the  equipment  is 
planned  to  be  carried  out  at  NAFEC. 

The  interface  of  the  local  equipment  and  the  remote  indication 
in  the  tower  equipment  room  is  made  by  means  of  landlines  which 
constitute,  in  effect,  DC  loops  which  is  completed  or  opened  to 
produce  a remote  satisfactory  or  non-satisfactory  status  indication. 
The  number  of  interface  lines  is  24,  21  and  5 respectively  for  the 
localizer,  glide  slope  and  far  field  monitor.  These  lines  as  well 
as  the  rest  of  the  MARK  III  system  as  pointed  out  have  been  subject 
to  lightning  Induced  signal  interference  causing  equipment  damage. 
Work  is  being  done  to  eliminate  this  problem  which  may  also  result 
in  a number  of  lines  reduction  requirement. 

3.8  ILS  Monitor  Precision  Calibrator 


The  development  of  the  ILS  Monitor  Precision  Calibrator  was  under- 
taken for  the  purpose  of  making  available  a better  and  more  adequate 
test  equipment  in  the  form  of  an  ILS  signal  generator  for  the 
Category  III  ILS  than  was  and  is  available  from  the  existing 
commercial  inventory  of  VOR/ILS  signal  generators.  The  Category 
III  ILS  requires  maintenance  to  tight  and  absolute  tolerances, 
and  hence,  dependable  and  accurate  standards  must  be  available 
for  cross  calibration  purposes  and  for  facilitating  certain 
maintenance  adjustments. 


! 
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An  example  of  the  closer  tolerance  required  is  for  the  localizer 
navigational  tone  Modulation  percentage  for  Category  III. 
Additionally*  there  is  a need  of  closer  correlation  between 
absolute  modulation  levels  seen  by  the  flight  check  aircraft* 
on  one  hand  and  by  ground  maintenance  on  the  other.  In  direct 
response  to  this  need*  another  SRDS  effort  has  resulted  in  the 
successful  development  of  a unique  self-calibrated  modulation 
meter,  and  the  establishment  of  a primary  modulation  standard 
under  an  Inter-Agency  Agreement  with  the  National  Bureau  of 
Standards  (NBS)  at  Boulder,  Colorado.  This  arrangement  will  serve 
to  demonstrate  any  ambiguities  between  different  calibration 
techniques  for  ILS  tone  modulation  and  has  served  to  cross- 
calibrate  the  ILS  Monitor  Precision  Calibrator. 


The  ILS  Monitor  Precision  Calibrator  operating  over  the  localizer 
and  glide  slope  bands  in  effect  may  simulate  nearly  any  localizer 
or  glide  slope  signals  for  monitor  and  receiver  inputs.  The  output 
signal  levels,  both  RF  and  the  demodulated  RF  are  adjustable  from 
approximately  10  mw  (into  a SO  ohm  load)  in  .1  db  steps  over  a 
100  db  range.  The  rf  carrier  is  amplitude  modulated  by  variable 
level  single  90  Hz  or  150  Hz  or  by  both  within  a range  from  0 up 
to  + .80  ddm  depending  on  the  set  modulation  levels  of  each  tone. 

The  calibrator  may  be  used  to  (1)  align  and  check  both  si  dio  or 
rf  type  input  monitors  for  power*  modulation,  ddm*  and  iuentificatlon 
alarms  and  adjustments  (thus  avoiding  having  to  even  temporarily 
maladjust  the  operating  transmitter  to  check  the  monitor  alarm 
limits),  (2)  align  and  check  the  Maintenance  Monitor  in  a similar 
manner,  (3)  indirectly  determine  the  characteristics  of  a normal 
monitor  input  signal  by  substituting  this  signal  with  the  calibrator 
signal  and  adjusting  the  calibrator  for  the  original  monitor 
Indication,  (4)  align  and  calibrate  the  localizer  far  field  monitors 
and  the  portable  ILS  receivers  used  for  ground  checks,  and  (5) 
calibrate  and  align  airborne  ILS  receivers. 

The  original  development  effort  by  Cardion  Electronics  was  not 
mtirely  successful  partly  due  to  the  fact  that  difficulties 
were  encountered  in  determining  the  absolute  modulation  accuracy 
of  the  rf  output.  The  modulation  technique  and  output  loading 
characteristics  used  did  not  yield  consistent  performance  at 
higher  levels  of  modulation  and  different  output  loading,  although 
repeatability,  stability  and  other  aspects  of  the  equipment  were 
satisfactory.  The  now  modified  calibrators  have  been  corrected 
for  the  above  deficiencies  and  test  results  exhibit  constant 
signal  rf  output  levels  over  both  bands  within  a narrow  margin, 
modulation  percentage  over  both  band*  within  an  absolute 
accuracy  of  + .5%  of  up  to  a total  of  70%  independent  of 
attenuator  settings,  a change  of  an  individual  tone  level 
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aodulation  within  ♦ .3%  when  ewitching  from  duel  to  single  tone 
aodulation  end  s very  accurately  known  dd*  signal  within  the  + 

•3000  ddn  renge  both  for  the  locsllser  and  glide  slope  functions. 

For  a detailed  description  of  various  development  aspects  and 
quantitative  results  obtained  fron  the  testing  of  the  ILS  Monitor 
Precision  Calibrators,  reference  is  aade  to  the  final  report 
prepared  by  the  Contractor.  The  calibrator  indicated  aodulation 
levels  have  been  calibrated  against  the  aodulation  standard  at 
MBS. 

Of  the  six  calibrators  delivered  by  Cardion  Electronics  and 
calibrated  by  MBS,  two  each  have  been  delivered  for  the  Atlanta, 
Georgia,  Hartsfield  Airport  Category  III  ILS-  two  each  for  the 
San  Francisco,  California,  International  Airport  ILS  and  two  for 
NAFEC,  oi  which  one  is  temporarily  retained  by  SRDS  for  further 
evaluation  and  demonstration. 

3.9  Current  Problems  and  Efforts 

Although  the  FAA  MARK  III  ILS  is  now  in  operational  use,  obviously 
any  significant  remaining  or  potential  weakness  must  be  dealt  with 
through  corrective  efforts.  Advantage  should  also  be  taken  of  any 
technological  development  to  incorporate  improvements  which  promise 
to  enhance  Category  III  ILS  operation  and  reliability. 

As  reflected  in  the  results  from  the  MARK  III  ILS  reliability  de- 
monstration it  is  clear  that  the  system,  as  installed,  has  been 
quite  susceptible  to  lightning  interference  and  damage.  Various 
outages  occurred  during  the  demonstration  itself,  and  have  occurred 
both  before  and  since.  These  outages  have  been  accompanied  both 
with  and  without  any  apparent  equipment  damage.  Most  of  tho 
operational  Interference  from  lightning  has  not  resulted  from  direct 
strikes  but  rather  through  Induced  Interference  through  the  long 
land  lines  which  interconnect  the  ILS  stations.  The  problem  is  not 
limited  to  MARK  III  ILS  alone  as  it  affects  all  solid  state  ILS  and 
other  solid  state  equipment  as  well  but  is  expeclb'ly  damaging  for 
Category  III  ILS  which  is  expected  to  be  reliable  under  all  weather 
conditions. 

T/hen  it  was  first  realised  from  the  actual  field  installation 
experiences  that  the  magnitude  of  the  lightning  problem  had  been 
underestimated,  efforts  were  undertaken  by  the  equipment  contractor 
to  resolve  the  problem  through  careful  application  of  certain 
installation  guidance  criteria  mainly  for  power  and  control  lines 
as  described  in  TI  Technical  Report  No.  TR  73-050(11)  "Guidelines 
for  Ancillary  Electrical  Systems  Supporting  the  AN/GKN-27(V) , 
AN/GRN-26,  /.N/GRN-28  Instrument  Landing  Sjstea  Installation, 

November  1973."  These  criteria  were  aimed  at  limiting  the  damage 
potential  through  adequate  installation,  bonding  and  grounding 
techniques  tor  equipment  and  lines,  installation  of  lightning  and 
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•park  gap  arresters  and  reducing  the  earth  ground  resistance  in 
the  vicinity  of  the  local  sites.  This  effort  has  not  been  adequate 
to  resolve  the  problem,  however. 

A separate  SRD5  effort  was  undertaken  through  a contract  with  Georgia 
Institute  of  Iechnolo'7  to  investigate  various  1LS  equipment  types 
with  respect  to  remote  control  and  status  lines  terminal  character- 
istics in  order  to  determine  damage  causing  interference  levels  and 
exactly  what  lightning  surge  dissipator  circuits  would  be  required 
to  prevent  lightning  damage.  This  investigation  has  resulted  in 
specific  reconaendat ions  (see  Report  No.  FM-RD-7 5-7 3 , "FAA  Lightning 
Protection  Study:  Lightning  Protection  for  Mark  III  - Instrument 

Landing  System  (Category  III)")  for  the  installation  of  diode  voltage 
suppressors  and  resistors  at  each  control  and  status  interstation 
cable  wire  termination  to  effectively  prevent  tb>  passage  of  any 
potentially  destructive  interference  pulses.  These  protection  cir- 
cuits have  been  installed  at  NAFEC  but  may  not  be  the  most  effective 
way  to  deal  with  the  problem,  A remaining  concern  Includes  the 
likelihood  of  operational  interference  caused  by  low  level  and 
nondestructive  interference  signals. 

Another  approach  to  the  lightning  problem  has  been  pursued.  Lightning 
Elimination  Associates  of  Downey,  California,  performed  a design 
study  for  a system  at  NAFEC  which  was  intended  in  effect  to 
eliminate  the  probability  of  lightning  strikes  within  certain  pro- 
tected areas  (see  Report  No.  FAA-RD-74-45,  "Design  Recommendations 
for  a Lightning  Elimination  System  for  FAA  Category  III  Instrument 
Landing  Systems,  NAFEC,  h',  :antic  City,  New  Jersey") . The  technique 
proposed  involves  the  installation  of  static  charge  dissipation 
arrays  which  supposedly  would  serve  to  reduce  the  intensity  of 
atmospheric  electric  fields  in  the  presence  of  thunderstorms  to 
the  point  that  lightning  discharges  will  not  occur  within  a given 
protected  area.  To  date  no  action  has  been  taken  to  actually  im- 
plement the  technique  at  any  FAA  airport,  since  its  effectiveness 
has  not  been  satisfactorily  demonstrated  and  remains  doubtful,  at 
this  time. 

Still  another  approach  to  resolve  the  lightning  problem  has  been 
pursued  through  a contract  with  Purdue  Research  Foundation  proposing 
to  overcome  the  lightning  damage  susceptibility  problem  and  other 
signal  interference  problems  through,  in  effect  system  or  equipment 
redesign.  Specifically,  this  approach  included  an  investigation  of 
line  transient  effects  on  the  ILS  and  an  analysis  of  the  current 
system  control  and  status  equipment  interface  to  pinpoint  weaknesses 
in  order  to  develop  an  effective  modification  to  improve  the  re- 
liability. Partial  results  of  the  work  is  described  in  Report  No. 
FAA-ED-75-11  "Reliable  Line  Signaling  Techniques  for  the  FAA  GRN-27(V) 
and  Category  III  ILS,"  followed  about  a year  later  by  Report  No. 
FAA-RD-76-24  "Application  of  Balanced  Lines,  Tone  Signaling,  and 
Microprocessor  Control  Techniques  to  a Category  III  Instrument  Landing 
System."  The  study  of  the  overall  problem,  while  also  taking  into 
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account  previously  described  preventive  techniques  41d  not  re- 
sult in  equipment  redesign  or  s recommendation  for  "circuit  hardening" 
ss  one  eight  have  anticipated  free  such  an  effort. 

Instead,  as  may  be  inferred  from  the  titles  of  the  reports,  the  - 
investigation  resulted  in  a proposal  for  a tone  signaling  inter- 
face systea  as  a replacement  of  the  unbalanced  non-insulated  DC 
signalling  systea  in  use.  A partial  ILS  inter station  signal  con- 
figuration using  telephone  coapany  type  encoding  and  decoding  -of 
tone  signalling  with  only  ainor  modification  to  the  existing  ILS 
terminals  was  installed  and  successfully  demonstrated  in  the  early 
fall  of  1975.  Tone  aignalling  represents  a generally  well-proven 
technique,  and  in  addition  to  being  practically  istaune  to  outside 
signal  Interference  Including  lightning,  has  the  advantage  of- being 
cost  effective  by  reducing  multi  pair  cable  requirements  to'  only 
a single  pair  between  any  two  stations.  A full  prototype  systea 
was  installed  and  demonstrated  at  HAFEC  in  August  of  1976,  Here, 
as  part  of  the  system,  state-of-the-art  microprocessor  techniques 
have  been  employed  to  process  the  signals  and  display  the  status 
of  all  remote  monitor  and  control  functions  '•he  extent  of 
effectively  more  than  duplicating  the  functions  of  the  existing 
remote  control  and  monitor  with  an  Improved  display. 

The  final  overall  solution  for  the  lightning  problem  is  expected 
to  contain  a combination  of  certain  installation  practices,  tone 
signaling  over  balanced  lines  and  additional  line  protection  where 
needed.  Relative  cost  effectiveness  and  maintenance  requirements 
will  also  be  taken  into  account.  The  notation  of  the  problem  for 
the  Category  III  ILS  will,  of  course,  find  an  application  for  any': 
solid  state  ILS  regardless  of  Category. 

With  regard  to  localizer  antenna  Improvements  as  pointed  out  earlier 
in  this  report,  a major  improvement  has  been  recently  demonstrated. 

The  present  two  frequency  traveling  wave  localizer  used  for  Category 
III  and  Category  II  ILS  operates  with  two  separate  antenna  arrays, 
i.e.,  one  14-element  array  for  course  radiation  and  a separate  six- 
element  array  for  clearance  radiation.  This  arrangement  requires 
a larger  installation  site  and  causes  additional  cost  but  decreased 
reliability  in  comparison  with  a single  common  array.  The  new  com-  . 
bined  antenna  system  uses  directional  couplers  with  about  one  third 
the  loss  of  the  conventional  hybrid  networks  and  allows  the  continued 
use  of  the  present  low  power  transmitters.  The  inner  six  elements 
radiate  both  course  and  clearance  energy  while  tl  cuter  elements 
radiate  course  energy  only.  A new  integral  monitor  system  as  part 
of  the  combined  array  has  been  extensively  evaluated  and  tested  at 
the  original  Installation  site  at  Tamlami,  Florida. 

Improvements  on  the  Category  III  ILS  (and  Category  II  and  I as  well) 
glide  slope  operational  availability  with  snow  is  possible  based  on 
conclusions  of  SRDS  studies  and  investigations.  It  is  known  that  the 
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glide  slops  nssr  fliU  Monitor  whan  operating  with  a ground 
snow  eovsr  level  toads  to  reduce  the  availability  of  the  facility 
oven  whoa  tbs  glide  slops  transaitter  radiates  a signal  well  within 
tolerance  la  die  approach  area.  A better  Monitoring  schene  could 
consist  of  aa  Integral  path  Monitor  unaffected  by  weather,  an  antenna 
tower  MtsallgasMswt  detector  and/or  a suitable  far  field  Monitor.  In 
the  case  of  the  FAA  MIK  III  ILS,  an  integral  Monitor,  a near  field 
path  Monitor  and  a tower  aisaligi  vent  detector  are  all  used,  suggesting 
that  thp  present  Monitor  ayatSM  could  be  simplified . Under  a develop- 
aaat  contract  with  Wiatlnghouae,  SBDS  is  persuing  the  developnent  of  a 
glide  elope  far  field  Monitor. 


The  existing  MASK  HI  ILS  and  Category  II  ILS  far  field  monitors  lack 
quick  response  Monitor  control  and  Must  be  considered  less  than 
adequate  to  accurately  Monitor  the  overall  localizer  signal  in  the  far 
field.  In  order  to  overcone  this  problem,  the  above  mentioned  Westing- 
house  contract  also  provides  for  the  development  of  a good  localizer 
approach  area/aonitor  response  correlation. monitor  coupled  with  timely 
executive  control  capability  of  the  localizer  transmitter. 


- 24  - 


RKFKRMCKS 

"Annex  10  - Aeronautical  Telecommunication,  Volune  T."  Inter- 
national Civil  Aviation  Organisation,  3rd  Edition,  July  1972. 

"Failure  Modes,  Effects  and  Criticality  Analysis  (IMECA)  of 
Category  III  Instrument  Landing  System,”  Report  Ho.  FAA-RD-72-8. 

"Teat  and  Evaluation  of  Category  III  ILS  Ground  Guidance  Equip- 
ment 'STAR  37  Localizer  Tests  at  NAFEC  on  R/W-4'"  Report  Ho. 
FAA-RD-72-50. 

"Test  and  Evaluation  of  Category  III  ILS  Ground  Guidance  Equip- 
ment 'STAN  38  Glide  Slope  Tests  at  NAFEC  on  Runway  4,'"  Report 
No.  FAA-RD-7 2-105. 

"Failure  Modes,  Effects  and  Criticality  Analysis  (FMECA)  of 
Category  III  Instrument  Landing  System  with  Traveling-Wave 
Localizer  Antenna,"  Report  Ho.  FAA-RD-7 3-111. 

FAA  MARK  III  ILS  Handbooks. 

"FAA  Lightning  Protection  Study:  Lightning  Protection  Require- 

ments for  AN/GRN-27(V)  Instrument  Landing  System."  Report  No. 
FAA-RD-74-131. 

"Instrument  Landing  System,  Category  III,"  Final  Report,  Report 
No.  FAA-RD-7 4-180 . 

"Reliable  Line  Signaling  Techniques  for  the  FAA  GRN-27(V)  and 
Category  III  ILS,"  Report  No.  FAA-RD-75-111. 

"FAA  Lightning  Protection  Study:  Lightning  Protection  for  Status 

and  Control  Lines  of  AN/GRN-27(V)  Instrument  Landing  System" 

DOT  Report  No.  FAA-RD-7 5-24. 

"Design  Recommendation  for  a Lightning  Elimination  System  on  FAA 
Category  III  Instrument  Landing  System,  NAFEC,  Atlantic  City, 

New  Jersey,"  Report  No.  FAA-RD-75-45. 

"FAA  Lightning  Protection  Study:  Lightning  Protection  Requirements 

for  MARK  III  Instrument  Landing  System  (Category  III),"  Report  No. 
FAA-RD-7 5-7 3. 

"ILS  Monitor  Precision  Calibrator,  Final  Report,"  Report  No. 

* FAA-RD-7 5-116. 

"Application  of  Balanced  Lines,  Tone  Signaling,  and  Microprocessor 
Control  Techniques  to  a Category  III  Instrument  Landing  System," 
Report  No.  FAA-RD-76-24. 


25/26 


APPENDIXES 


AI/A2 


FAA  Engineering  Requirement 
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FAA-ER-320-002 
JUNE  1970 
REV.  NO  1 
FEBRUARY  1971 


1.  SCOPE 


It  is  the  purpose  of  the  contract  to  develop  and  assemble  an  Instnaent 
Landing  System  development  mode 1/prototype  of  the  conventional  type  (Localixer 
108-112  MHz,  Glide  Slope  32f-336  MHz  and  Markers  7$  MHz)  capable  of  meeting 
the  characteristics  of  Category  III  ILS  operation  including  stringent  require- 
ments for  high  integrity  and  continuity  a'  service.  The  reliability  of  the 
ground  equipment  must  be  such  that  its  operation  is  extremely  unlikely  to 
impair  the  safety  of  an  approaching  aircraft  during  the  critical  phase  of 
its  approach  and  landing  under  Category  III  weather  minima.  The  equipment 
K"St  have  high  mean  time  between  failure  (MTBF)  characteristics  and  be 
ensured  by  a maximum  reliable  monitor  system  not  to  deviate  beyond 
operational  tolerances  for  Category  III  (or  Category  II,  as  the  case  may  be). 

The  objective  of  the  development  as  described  herein  is  to  rely  on  already 
developed  (off-the-shelf)  components  of  ILS  ground  systems,  if  feasible,  and 
known  up-to-date  techniques,  and  to  combine  these  with  adequate  redundancy 
to  assure  continued  satisfactory  performance  e ren  with  the  loss  of  a 
transmitter  or  an  individual  monitor. 

The  desired  ILS  system  includes  a localizer,  a glide  slope,  three  markers 
(outer,  middle,  and  inner)  a remote  control  indicator,  a DME  system  (not 
part  of  this  procurement).  In  normal  Category  III  operation,  the  localizer 
and  glide  slope  main  transmitters  will  operate  on  the  air  while  staaSSy 
transmitters  operate  into  dummy  loads  and  internal  monitors,  thus  ensuring 
upon  transfer  to  the  standby  transmitter  the  immediate  continued  radiation  of 
a satisfactory  guidance  signal.  Generally,  each  significant  parameter  of  the 
transmitter  on  the  air  will  be  monitored  by  triple  parallel  monitors  requiring 
two  out  of  three  alarms  of  an  individual  parameter  monitored  to  result  in 
transfer  from  Category  III  to  Category  II  status,  or  in  shutdown  from 
Category  II  depending  on  the  initial  mode  of  operation.  Upon  degradation  of 
the  system  out  of  Category  III  course  alignment  tolerance  but  still  within 
Category  II,  the  system  shall  operate  satisfactorily  as  a Category  II  system. 


2.  APPLICABLE  SPECIFICATIONS  AND  STANDARDS 


The  following  documents,  of  the  i«sue  in  effect  on  the  date  of  invitation 
for  bids  or  fbquest  fdr  propaZallform  a part  of  this  Engineering  Requirement 
to  the  extent  specified  herein: 


FAA-G-2100/1 
FAA-G-2100/3 
FAA-G- 2100/4 
FAA-G-2 100/5 


Electronic  Equipment,  General  Requirements 
Requirements  for  Equipment  Employing  Semiconductors 
Requirements  for  Printed  Wiring  Techniques 
Requirements  for  Equipments  Employing 
Microelectronic  Devices 


/ 


A-3 


FAA-ER-320-002  REV.  MO.  1 


-2- 


FAA-C-1217  Electrical  Work,  National  Electric  Code 

FAA-C-2256  Environment  Controls 

FAA-D-658H  Instruction  Books 

FAA -STD- 00 3 F lint  Systems  for  Structures 

FAA-STD-005  Equipment  Specifications 

FAA  AC  120-20  Criteria  for  approval  of  Cat.  IT  Landing  Weather  Minina 

FAA  Orders  67S0.4,  6750.5  and  6750.8,  Siting  Criteria 

FAA  Order  8200. 11B,  Flight  Inspection  Theodolite  Tolerances 

FED- STD- 595  Colors 

AC  150/S345-2  Obstruction  Lights  i 

(L-810) 

ICAO  Annex  10 , Vo line  1 , dated  Apri 1 1968 

USFIM,  FAA  Handbook  OA  P 8200.1 

ARP  926  SAE  Aerospace  Recommended  Practice 

MIL-STD-47C  Maintainability  Program  Requirements  • 

MIL-STD-471  Maintainability  Demonstration  j 

MIL-STD-721B  Definitions  j 

MIL-STD-781B  Reliability  Tests 

MIL-St'D-785  Reliability  Program 

MIL-STD-810  Environmental  Test  Methods  for  Aerospace 

and  Ground  Equipment 

MIL-STD-1472A  Hunan  Engineering  Design  Criteria 

MIL  HDBK-217A  Reliability  Stress  and  Failure  Rate  Data 

MIL-S-55286  Shelter,  Electrical  Equipment  - S-280  ( )/G 

MIL-E-83210  Equipment  Electronic,  Criteria  for  the  Utilization 

of  Micro-Molecular  Electronic  Technology 

(Application  for  copies  of  the  above  FAA  and  Military  documents  should  be 
addressed  to  Federal  Aviation  Administration,  Contracting  Officer,  800 
Independence  Ave.,  S.W.  Washington,  D.C.  20590.  To  obtain  copies  of  the 
ICAO  publication,  requests  should  be  addressed  to  the  Distribution  Officer, 
International  Aviation  Building,  1080  University  Street,  Montreal  3,  Quebec, 

Canada.) 

Exceptions  to  parts  of  the  above  specifications  may  be  given  by  the  Contracting 
Officer  if  sufficient  justification  is  orovided  by  the  Contractor. 
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3.  REQUIREMENTS 

the  contractor  shall  furnish  the  equipment  and  services  as  specified  herein. 

3.1  General  Requirements 

3.1.1  Major  units.-  The  ILS  shall  consist  of  the  following  units: 


1 VHP  Localizer  Station  3. 2-. 3 

1 UHF  Glide  Slope  Station  3. 4-. 5 

3 VHP  Marker  Beacon  Stations  3.6-. 7 

1 Renote  Control  Indicator  3.6 

1 Set  of  test  equipaent  for  Systems  Maintenance  3.9 


3.1.2  General  specification.-  The  requirements  of  FAA-G-2100  are  applicable 
together  with  this  engineering  requirement,  except,  if  conflict  exists,  this 
document  governs. 

3.1.3  Design.-  The  ILS  shall  be  designed  and  constructed  in  accordance  with 
the  highest  commercial  practice.  Government  general  specifications 

shall  apply  (only)  to  those  items  specifically  designed  to  meet  the  require- 
ment of  this  procurement.  Existing  industry  standards  shall  apply  to  all 
commercial  products,  which  are  incorporated  into  the  system  without  modifi- 
cation. Components  shall  be  selected  which  offer  the  greatest  potential  for 
(1)  achieving  high  reliability:  (2)  shortening  the  development  time  of  the 
end  item;  and  (3)  reducing  the  number  of  different  items  used  in  the  end  item. 

3.1.4  Accessibility  and  Himian  Factors.-  All  units,  components,  and  test 
points  that  may  require  servicing,  repair,  or  replacement  shall  be  readily 
accessible  and  shall  have  sufficient  clearance  from  shelter  walls  for 
comfortable  maintenance.  Major  units  or  modules  shall  be  completely  removable 
from  their  enclosures  without  excessive  disassembly.  Access  shall  be  provided 
to  components  or  circuit  modules  from  outside  the  basic  equipment  through  the 
use  of  swing-out  units,  pull-out  drawers  having  drawer  slides,  or  equivalent 
devices;  cable  retractors  and  circuit  card  extenders  shall  allow  component 

or  module  operation  in  the  open  position.  Close  attention  shall  be  paid  to 
all  aspects  of  the  design  which  involve  performance  of  a human  operator. 

These  include  specific  equipment  and  procedure  utilized  under  normal  and 
emergency  conditions  and  during  routine  calibration  and  maintenance.  Guide- 
lines for  satisfaction  of  this  concern  are  presented  in  MI1.-STD-1472A. 

3.1.5  Controls.-  Controls  that  are  essential  to  the  proper  operation  or 
periodic  maintenance  of  the  equipment,  or  other  controls  that  are  in  frequent 
use  on  the  various  units,  shall  have  scale  markings  to  facilitate  return  of 
the  control  to  a predetermined  position,  particularly  after  flight  inspection 
adjustments.  All  critical  tuning  controls  shall  be  resettable  (without  play), 
shall  have  positive  stops  and  shall  include  locking  devices.  It  shall  not 
disturb  the  setting  to  lock  or  unlock  the  control.  All  controls  shall  be 
clearly  marked  as  to  function  and  maintenance  data  reference  symbol. 

3.1.6  Electromagnetic  interference.-  Each  station  shall  be  designed  so  that 
the  mean  power  of  spurious  rf  emission  supplied  to  the  antenna  transmitter 
line  be  not  less  than  60  dB  below  the  mean  power  of  the  fundamental.  With 
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cadi  tr— itttr  terminated  into  a duuv  lo*.i  or  a properly  temlitttfel  cable, 
the  stray  radiation  on  any  frequency  iron  the  equipment  under  any  operating 
conditions  shall  not  exceed  S.O  (Marker  beacon  O.S)  Microwatt  (ERP) . 

3.1.7  Interdiangeabi lity . - Due  to  the  high  degree  of  functional  coononality 
between  stations , a maximum  of  nodule  interdiangeabi lity  shall  be  achieved 
between  various  units  of  the  ILS. 

3.1.8  Maint ainabi lity.-  Maintainability  design  criteria  in  accordance  with 
MIL-STD-4^0  are  applicable. 

3.1.9  Corrective  Maintenance  requirements.-  The  ILS  shall  possess  a nean 
corrective  Maintenance  tine  (Mct)  °f  no  greater  than  0.5  hours  and  a Maxima 
corrective  Maintenance  tine  (M^c*)  o{  n0  fiteater  than  1.5  hours  (95th 
percentile).  Switch-over  fron  a failed  to  a redundant  unit  shall  not  be 
considered  in  conputing  nean  corrective  maintenance  tine.  However,  repair  of 
the  failed  unit  while  the  redundant  unit  continues  to  maintain  operation 
shall  be  considered. 

3.1.10  Major  repair.-  No  failed  component  of  the  ILS  shall  require  more  than 
8 hours  for  repair  at  the  depot  level.  This  shall  include  fault  isolation, 
disassembly,  repair  of  the  failed  deponent  or  assembly,  r assembly  and 
checkout  after  repair. 

3.1.11  Preventive  maintenance  requirements , - The  mean  preventive  maintenance 
time  (MPMT)  of  the  maximun equipment  configuration  for  either  type  of  station 
shall  not  exceed  one  hour  in  336  hours  of  operation,  including  inspection  and 
checks  to  assure  performance.  Ninety  percent  of  all  routine  procedures  shall 
be  accomplished  in  less  than  15  minutes.  No  single  group  of  periodic 
procedures  shall  require  more  than  two  hours  time  or  be  required  more 
frequently  than  once  every  2000  hours.  Parts  requiring  preventive  maintenance, 
as  well  as  system  checks  not  revealed  by  the  monitor,  shall  'je  specified  by  the 
supplier  with  recommended  maintenance  and  replacement  intervals. 

3.1.12  Reliability.-  Individual  units  of  the  ILS  (transmitters,  environment 
control  equipment,  monitors,  control  and  transfer  equipment,  etc.)  shall  have 
a high  MTBF  and  make  possible  the  highest  practical  overall  system  MTBF.  An 
inherent  MTBF  in  excess  of  2500  hours  (10,000  hours  for  the  Marker  beacon) 

is  desirable  for  a simplex  (i.e.,  non- redundant)  system  loop  consisting  of  a 
single  transmitter,  antenna  and  monitor  at  each  station.  Prior  to  the  final 
design  of  the  system  a thorough  theoretical  design  fault  and  reliability  analysis 
shall  be  conducted  to  reveal  all  failure  modes  and  the  effects  of  all  potential 
failures.  The  analysis  should  confirm  that  the  system  has  been  designed  to 
minimize  the  probability  of  failures  and  that  thp  equipment  configuration 
and  monitor  switching  logic  is  suitable.  For  tne  purpose  of  analyzing 
and  demonstrating  the  reliability,  availability/maintainability  and  fail  safe 
characteristics,  the  general  plan  outlined  in  Section  4.0  of  this  Engineering 
Requirement  shall  be  followed.  SAE  Aerospace  Recommended  Practice  926  shall 
be  used  as  a guide  in  accomplishing  the  fault  analysis. 
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3.1.13  Service  conditions.-  The  localizer,  glide  slope  and  marker  beacon 
stations  shali  openteTiSZer  Environment  III  (FAA-G-2100/1  para.  1-3.2.23) 
at  any  altitude  ft m 0 to  10,000  feet  above  sea  level,  in  rain  up  to  two 
inches  per  hour,  and  in  up  to  one  foot  of  snow  in  surrounding  areas. 
Environmental  controls  (heaters,  air  conditioners , etc.)  shall  be  supplied, 
if  necessary,  for  thelocaliser  and  glide  slope  stations  to  allow  operation 
during  all  the  temperature  estrones.  If  supplied,  these  devices  shall  be 
controlled  to  subilize  the  shelter's  internal  temperature  to  prevent 
condensation,  maintain  test  equipment  in  a stable  node,  and  provide 
naintenance  personnel  confort.  The  ocalizer  a-d  glide  slope  stations  shall 
operate  continuous 1/  without  readjust  sent,  at  any  temperature  between  the 
extremes  specified  for  a?  least  3 hoirs  after  failure  of  prinary  power.  The 
aarker  beacon  shall  operate  continuously,  without  readjustment,  in  the 
specified  environment  for  at  least  72  uours  after  failure  of  prinary  power. 

3.1.14  Primary  power.-  The  ILS  shall  operate  from  a single-phase  120/240  V, 

60  Hz  (design  center  values)  three  wire  single  phase  AC  line  power  source. 

3.1. 15  Standby  power.-  A continuously  engaged  or  floating  battery  power 
supply  shall  ibe  provided  for  all  units  of  the  ILS  for  continued  normal  to it 
operation  if  the  prinary  power  fails.  To  maintain  the  batteries  in 
operational  readiness,  a trickle  charge  shall  be  supplied  to  recharge  the 
batteries  during  the  periods  of  available  primary  power.  Upon  restoration 
of  primary  power,  th*  batteries  shall  be  restored  to  full  charge  within 
eight  hours.  Nher.  prinary  power  is  applied,  the  state  of  the  battery  charge 
shall  in  no  wry  cause  harm  to  or  affect  the  operation  of  the  ILS.  The  battery 
supply  for  the  localizer  and  glide  slope  stations  shall  permit  continuation 
of  normal  operation  for  3 consecutive  hours  with  battery  temperature  at  0*C. 
Ancillary  functions  (obstruct' on  lights,  air  conditioners,  and  other  items 
not  directly  contributing  to  tne  guidance  signal)  shall  not  be  required  to 
operate  during  this  period.  The  battery  supply  for  the  marker  beacon 
station  shall  maintain  normal  operation  for  at  least  72  consecutive  hours 

at  any  temperature  between  the  extremes  specified  in  3.1.13. 

3.1.16  Test  points  and  test  facilities.-  The  ILS  design  shall  incorporate 
indicators,  warning  signals,  test  jacks,  and  test  points  as  necessary  to 
facilitate  trouble  shooting  and  malfunction  isolation.  Test  points  shall 
be  provided  to  check  essential  waveforms  and  voltages  and  for  the  injection 
of  test  signals.  The  test  points  shall  be  strategically  located  for  easy 
accessibility.  Their  locations  shall  be  kept  to  a minimum  and  each  shall 
be  labeled  for  easy  identification  and  reference  to  maintenance  data,  and 
designed  for  easy  attachment  of  test  probes  and  test  equipment. 

3.1.17  Meters . - Each  localizer,  glide  slope  and  marker  beacon  station  shall 
be  providedwith  appropriate  built-in  thru-line  wattmeters  in  the  output 
sections.  These  wattmeters  shall  be  capable  of  measuring  forward  and  reverse 
power  for  calculation  of  the  voltage  standing  wave  ratio  (VSWR).  Suitable 
metering  shall  also  be  provided  to  allow  monitoring  power  supply  voltages 

to  each  equipment. 

3.1.18  Abnormal  condition  indicator  panel.-  A panel  shall  be  supplied  at 
each  of  tHe  localizer,  glide 'slope,  and  marker  beacon  stations  which  provides 
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visual  indication  for  a aininua  of  tha  following  abnormal  conditions.  Any 
abnormal  indication  on  this  panel  shall  cause  a sinultaneous  abnormal 
indication  at  the  ILS  Reawte  Control  Indicator,  (sae  3.8) 

a.  Prinary  Power  Failure. 

b.  Battery  Charger  Failure. 

c.  Shelter  teaperature  outside  of  acceptable  liaits  (where  applicable). 

d.  Monitor  locally  bypassed. 

e.  Station  off  the  air. 

f.  Monitor  alam  (see  3.1.26b). 

3.1.19  Not  used. 

3.1.20  Tools.-  The  variety  and  nuaber  of  special  tools  and  test  equipment 
required  to  aaintain  the  ILS  shall  be  held  to  a mini rami.  When  peculiar  tools 
re  required,  the  tool(s)  shall  be  provided  at  the  unit  asseafcly  where  used 
and  a convenient  leans  for  tool  aounting  shall  be  included. 

3.1.21  Finish  and  color.-  Colors  of  the  ILS  exterior  surfaces  shall  be 
aviation  orange,  color  12197,  and  insignia  white,  color  1787S,  in  accordance 
with  FED-STD-S95.  Exterior  surfaces  shall  be  painted  in  accordance  with 
FAA-STD-003. 

3.1.22  Systcra  construction.-  Each  station  of  the  ILS  shall  be  designed  as  an 
operating  entity"  that  will  perforra  as  specified  when  installed  and  adjusted 
in  accordance  with  data  furnished  by  the  supplier.  Only  required  power  and 
control  wiring  to  the  various  sites  in  accordance  with  installation  require 
raents  furnished  by  the  supplier  will  be  provided  by  the  procuring  activity. 

3.1.23  Solid  ttate  components . - The  ILS  shall  be  designed  using  solid  state  | 

components  (i.’e.  no  thermionic  tube  devices  shall  be  used).  3 

l 

3.1.24  Modular  construction.-  The  ILS  design  shall  make  maximum  use  of  sealed  l 

components  and  easily  removable  plug-in  module  assemblies  containing  one  or  more  | 

related  circuits.  The  design  of  the  modules  shall  permit  disassembly  of  the  1 

module  fcr  maintenance.  : 

3.1.25  Microcircuits Any  microcircuits  used  in  any  part  of  the  ILS  shall  * 

conform  to  the  criteria  specified  in  MIL-E-83210  and  shall  be  subjected  to  < 

the  screening  procedures  of  test  method  T5004,  class  B,  in  accordance  with 
FAA-G-2100/5. 
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3.1.26  Monitor  roquiren ants 

a.  General.  Each  station  of  the  1LS  shall  be  provided  with  a high-integrity 
Monitor  systen  that  provides  fault  detection  by  Monitoring  the  specified  signal 
parnneters  and  initiates  automatic  switchover,  or  shutdown  of  the  failty  equip* 
went  as  appropriate.  The  Monitor  systen  shall  operate  in  conjunction  with  a 
renote  control-indicator  that  provides  audible  and  visual  indication  of  systen 
status  and  couplets,  positive  control  of  all  systen  units.  The  design  of  all 
Monitor  conponents  shall  yield  extreuely  high  reliability  and  integrity,  and 
shall  be  of  a fail-safe  nature  so  that  failure  of  any  individual  Monitor 
channel  itself  or  the  loss  of  the  signal  will  cause  a fault  indication  to 
occur.  All  Monitors  shall  have  adjustable  sensitivity  controls  for  each  of 

the  parameters  being  Monitored.  These  controls  shall  be  located  at  the  iocal 
site.  All  Monitors  shall  have  an  override  switch  that  disables  Monitor 
action  during  adjustment  and  Maintenance.  Activation  of  the  override  switch 
shall  cause  a fault  indication  locally  and  at  the  remote  control-indicator. 

b.  Localizer  and  Glide  Slope  Monitors.-  The  localizer  and  glide  slope 
stations  shall  have  triple  Monitors  such  that  each  specified  paraneter  of  the 
transmitter  on  the  air  is  examined  by  three  identical  monitor  channels 
connected  in  parallel  (exception,  localizer  course,  see  paragraph  3.3.4). 

Two  out  of  three  channels  shall  sense  the  parameter  as  being  out  of  tolerance 
before  transfer  or  shutdown  action  is  initiated.  However,  the  sensing  of 

an  out  of  tolerance  condition  by  any  channel  shall  produce  indications 
of  abnornal  operation  (see  3.1.18  and  3.8).  Monitor  antennas,  pickups, 
cable  and  RF  combining  networks  shall  be  exempted  from  the  redundancy  require- 
ment. The  parameters  of  the  standby  transmitter* shall  be  monitored  by  single 
channel  internal  monitor  channels.  Upon  sensing  an  out-of-tolerance  signal 
from  the  standby  transmitter,  this  transmitter  shall  be  shutdown.  All  monitor 
channels  shall  be  stabilized  within  2 seconds  after  initial  application 
radiated  signals.  Concurrently,  integral  monitor  action  shall  begin  within 
2 seconds  after  initial  application  of  radiated  signals  when  such  signals 
are  outside  of  allowable  tolerances.  Interaction  of  all  the  monitor 
parameters  shall  be  minimized  allowing  simple  straight-forward  adiustments 
of  all  monitors  in  turn  with  minimum  readjustments. 

The  monitors  shall  provide  a meter  indication  in  each  station  of  all 
parameters  monitored.  Meters  shall  be  so  calibrated  that  readings  may 
be  used  directly  to  ascertain  correct  values  of  path  alignment  and  width. 

Meter  deflections  shall  be  compatible  in  sign  to  aircraft  crosspointer 
deflections.  Memory  lights  shall  be  provided  to  indicate  which  monitor 
channel  caused  an  alarm. 

3.2  VUF  localizer  station  performance  requirements.-  The  localizer  station 
shal’Te  designed  to  meet  tw  following  performance  requirements: 

3.2.1  General.-  ICAO,  Annex  10,  Part  I,  paragraphs  3. 1.3. 1.1-3. 1.3. 1.3  are 
applicable"! 

3.2.2  Radio  frequency.-  ICAO,  Annex  10,  Part  I,  paragraphs  3. 1.3. 2.1,  3. 1.3. 2. 2, 
3.1  3. 2. 2.2  and  3. 1.3.2. 3 are  applicable. 
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3.2.3  Coverage ■ - With  the  transmitter  rf  power  output  reduced  to  the  monitor 
alarm  point,  the  localizer  coverage  sector  shall  extend  from  the  localizer 
antenna  to  distances  of  2S  nautical  miles  within  ♦ 10  degrees  from  the 

front  course  line;  17  nautical  miles  between  ^10  and  *35  degrees  from  the  front 
course  line.  The  localizer  shall  provide  signals  sufficient  to  yield  a signal 
strength  of  at  least  S microvolts  which  results  in  a flag  current  of  240  micro< 
amperes  in  a standard  calibrated  aircraft  installation  and  shall  yield  no 
false  courses  within  *35*  from  the  front  course  line.  The  localizer  signal 
shall  be  receivable  at  the  distance  specified,  at  and  above  a height  of 
1500  feet  above  the  elevation  of  the  threshold  or  1000  feet  above  the 
elevation  of  the  highest  point  within  the  intermediate  and  final  approach 
areas,  whichever  is  the  highest.  Such  signals  shall  be  receivable,  to  the 
distances  specified  up  to  a surface  extending  outward  from  the  localizer 
antenna  and  inclined  at  7 degrees  above  the  horizontal.  The  ratio  of  the 
course  carrier  signal  strength  to  the  clearance  carrier  signal  strength 
along  the  runway  centerline  shall  be  at  least  10  db.  The  minimum  signal 
strength  at  a height  of  20  feet  above  the  threshold,  and  at  that  height 
along  the  length  of  the  runway,  shall  be  not  less  than  200  microvolts  per 
meter. 

3.2.4  Backcourse.-  A backcoursc  «hall  not  be  provided. 
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3.2.5  Canier  Modulation.-  ICAO,  Annex  10,  Part  I,  paragraphs  3. 1.3.5. i, 

3.1. 3.5.2  (Category  III),  3.1.3.5.3c),  and  e),  3.1. 3.5. 3. 2,  3.1.3.5.3.3b), 
3.1.3.5.3.4b)  and  3. 1.3. 5. 3. 5,  are  applicable. 

3.2.6  Course  alignment  accuracy.-  Based  on  a nominal  sector  width  of  700  feet 
at  threshold  the  equipment  shall  be  capable  of  maintaining  (except  for  radiated 
signal  interference)  a course  line  within  the  equivalent  of  *10  feet  from  the 
runway  centerline  at  the  ILS  reference  datiaa  and  adjusting  the  same  between 
♦35  feet  from  the  runway  centerline  at  the  ILS  reference  datiaa. 

3.2.7  Displacement  sensitivity.-  The  noainal  displacement  sensitivity  within 
the  half  course  sector  at  the  ILS  reference  datum  shall  be  0.00044  DOM/foot, 
based  on  a nominal  sector  width  of  700  feet  at  the  ILS  reference  datum.  The 
increase  of  DOM  shall  be  substantially  linear  with  respect  to  angular  displace- 
ment from  the  front  course  line  up  to  an  angle  on  either  side  of  the  front 
course  line  where  the  DDM  is  0.180.  From  that  angle  to  ♦lO  degrees,  the  DOM 
shall  not  be  less  than  0.180.  From  ♦lO  to  +35  degrees,  the  DOM  shall  not 

be  less  than  0.155.  When  the  course  sector~is  widened  sufficiently  to  cause 
an  alarm,  the  DDM  shall  not  be  less  than  0.165  from  *4  to  ♦lO  degrees,  and 
0.139  from  *10  degrees  to  the  limits  of  coverage.  "** 

3.2.8  Course  sector  width.-  The  localizer  sector  width  shall  be  tailored  to 
a value  of  700  feet  at  the runway  threshold,  except  that  it  shall  be  not  less 
than  3.0,  nor  more  than  6.0  degrees  and  shall  be  maintained  within  10  percent 
of  that  value.  The  sector  width  shall  be  easily  adjustable  between  the  values 
of  2.4  and  7.2  degrees. 

3.2.9  Voice.-  A voice  channel  capability  shall  not  be  provided. 

3.2.10  Identification.-  ICAO,  Annex  10,  Part  I,  paragraphs  3. 1.3.7. 1 through 
3. 1.3. 7. 4 are  applicable. 

3.2.11  Monitoring . - The  automatic  monitor  system  shall  cause  a degradation 
of  Facility  Perfomance  Category  III  to  Category  II  or  cause  radiation  of 
Facility  Performance  Category  II  to  cease  for  any  of  the  following  conditions. 

a.  A shift  of  the  mean  course  line  from  the  runway  centerline  equivalent 
to  10  feet  (25  feet  for  Cat.  II)  at  the  ILS  reference  datum. 

b.  A reduction  of  power  which  causes  the  localizer  to  fall  outside  the 
limits  of  3.2.3,  3.2.5  and  3.2,6  inclusive;  or  which  exceeds  a 
reduction  in  either  carrier  to  80  percent  of  normal  for  two-frequency 
configurations. 

c.  A change  in  displacement  sensitivity  exceeding  10  percent  of  nominal. 

d.  A continuous  identification  tone,  absence  of  periodic  identification 
signal,  or  a decrease  in  identification  modulation  level  of  50  percent 
or  more  from  nominal. 

e.  A degradation  of  clearance  signal  causing  the  clearance  requirements  of 
3.2.7  to  be  violated. 

f.  A change  of  the  modulation  percentage  outside  the  19-211  limits. 
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The  total  period  of  radiation  outside  the  tolerance  lisits  specified  in  these 
performance  Units  shall  not  exceed  1 second  for  Facility  Performance 
Category  III  operation. 

$ 

3.3  Localizer  Station  Equipment  Requirements 

~ ’ T 

3.3.1  Equipment  list.-  The  localizer  statfon  shall  include  the  localizer 
transmitters , the  localizer  antenna,  a monitor  and  control  system,  and  an 
equipment  shelter,  all  as  described  below. 

3.3.2  Localizer  transmitters. - The  localizer  transmitter  system  shall  be  a 
two-frequency  (capture -ciicct)  design  or  a single  rf  carrier  design  utilizing 
audio  phasing  techniques  to  achieve  the  capture  effect.  Two  such  systems 
shall  be  provided;  one  designate  main  transmitter  system  shall  cause  the 
localizer  antenna  to  radiate  while  the  standby  system  normally  is  transmitting 
internally  Monitored  signals  to  dummy  load(s).  Upon  automatic  or  manual 
shutdown)  of  the  main  system,  the  standby  transmitter  system  shall  be 
immediately  available  for  transfer  to  the  antenna  (if  operating).  While  the 
standby  transmitter  is  operating  into  the  antenna,  the  main  system  shall 
remain  shut  down.  The  localizer  transmitter  shall  include  a provision  to 
transmit  an  "alert  shutdown"  signal  to  the  pilot  whenever  the  localizer 

near  field  course  monitor  alarms  and  for  five  seconds  immediately  prior 
to  expected  shutdown  action  on  the  locn’izcr  by  the  far  field  monitor.  Such 
•a  signal  could  conceivably  be  an  audio  tone  in  the  range  from  600  to  2000  llz 
on  ttie  directional  transmitter,  triggered  by  the  respective  monitor  alarms. 

The  mutual  interference  between  the  two  systems  shall  he  reduced  to  a minimum 
with  negligible  mutual  monitor  interference.  Any  stray  radiation  from  the 
standby  system  should  be  at  least  60  db  below  the  carrier  level  of  the  nain 
system  as  measured  at  the  transmitter  antenna  system.  Unless  it  can  be  shown 
that  electronic  modulation  is  eoual  or  advantageous , mechanical  modulation  shall  be 
employed.  A elapsed  time  indicate  ball  be  provided. 


3.3.3  Localizer  antenna.-  The  localizer  antenna  shall  be  of  sound  design 
with  the  numbers  and  complexity  of  elements  or  reflectors  held  to  an 
absolute  minimum  commensurate  with  the  performance# criteria  specified  herein. 
The  addition  of  a clearance  array  separate  from  the  course  antenna  is 
permitted.  The  clearance  radiation  pattern  shall  be  designed  consistent  with 
the  purpose  of  minimizing  on  course  degradation  due  to  siting  effects;  i.e., 
ideally,  from  the  capture  effect  points  to  +_  35*  the  signal  level  should 
remain  level  and  decrease  rapidly  beyond  ♦ 35°.  Carrier  radiation  (clearance 
signal  excepted)  from  the  array  shall  have  a beamwidth  not  exceeding  ♦_  3 
degrees  at  the  half  power  points  and  shall  be  at  least  20  db  below  the  value 
at  zero  degrees  for  angles  greater  than  *_  10  degrees.  The  peak  level  of 
course  producing  sideband  radiation  from  the  antenna  shall  occur  at  angles 
no  greater  than  ♦_  3 degrees.  Sideband  radiation  at  angles  greater  than 
♦ 10  degrees  shall  be  at  least  20  dh  below  the  peak  value.  The  nominal  input 
r»podoncc  of  the  antenna  system  shall  be  50  ohms.  The  array  shall  be  designed 
for  installation  on  the  extension  of  the  centerline  of  the  runway  at  the  stop 
end  and  be  made  to  produce  course  lines  in  a vertical  plane  containing  the 
course  line  of  the  runway  served.  The  antenna  shall  have  minimum  height  to 
satisfy  covera-?  rwr.i:;  rements  in  3.T.3,  *nd  should  not  exceed  an  overrll 
heig'it  of  to  ft.  The  antenna  shall  be  franrihle  and  suitable  for  installation 
and  oporation  in  a standard  approach  light  lane,  if  necessary,  with  minimum 
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mutual  interference.  TWo  eedi  duel  Obstruction  lights  per  FAA  Advisory 
Circular  AC  150/5345-2  shall  be  provided  for  nounting  on  both  sides  of  the 
antenna  array.  The  lanp  in  each  fixture  shall  be  wired  in  parallel  and 
shall  be  rated  at  100  watts. 

3.3.4  Localizer  monitor  and  control  system.-  To  insure  the  integrity  of  the 
localizer  signals , integral . near  field , lar  field  and  standby  transmitter 
monitors  shall  perform  as  outlined  below.  In  addition  to  control  of  the 
transnitting  equipments , the  indicated  status  at  the  Remote  Control  Indicator 
shall  be  downgraded  from  Facility  Performance  Category  III  to  Category  II 
whenever  1)  standby  equipment  is  not  available,  2)  standby  equipment  is  on 
the  air  or  3)  the  far  field  aonitor  indicates  an  out  of  Category  III  course 
tolerance.  Upon  shutdown  of  the  localizer  system  a visual  and  audio  alarm 
indication  shall  be  initiated  at  the  remote  control  indicator  and  restoration 
of  localizer  radiation  shall  be  prevented  for  at  least  20  seconds.  It  shall 
be  possible  to  bypass  any  or  all  monitor  channels.  Fig.  1 illustrates  some 
of  the  localizer  monitor  and  control  system  requirements  herein. 

a.  Integral  monitor.  Each  radiating  element  (possible  exception: 
clearance  array,  see  below)  shall  have  an  integral  monitor  pickup 
device;  by  suitable  signal  combining,  the  integral  monitoring  system 
shall  provide  composite  signals  for  the  monitoring  of  course  position, 
course  width,  proper  clearance  signal,  power  level,  carrier  percent 
modulation,  and  identification  signal.  If  proven  advantageous  and  at 
the  option  of  the  Government,  the  three  last-named  parameters  may 
utilize  signals  coupled  from  the  antenna  transmission  line  in  lieu 
of  antenna  radiated  signals.  See  also  (b)  below  for  an  optional 
method  of  monitoring  clearance  signal).  If  a two- frequency  capture 
effect  localizer  is  provided,  it  may  be  necessary  to  monitor  the 
directional  and  clearance  carrier  powei  levels  separately. 

The  monitors  utilizing  integral  monitor  pickup  devices  (or  transmission 
line  signal  coupling)  shall,  1)  if  the  main  transmitter  is  on  the  air, 
immediately  shut  it  down  and,  if  the  standby  transmitter  is  operating 
into  the  disomy  load,  transfer  it  to  the  antenna,  upon  simultaneous 

any  two  out  of  the  three  course,  width,  power,  modulation,  clearance 
or  identification,  respectively,  monitor  alarms,  or  2)  if  the  standby 
transmitter  is  on  the  air,  immediately  shut  it  down,  if  at  least  two  out 

of  the  three  course,  width,  power,  modulation,  clearance  or  identification, 
respectively,  monitor  alarms.  An  alternative  design  as  indicated  in  Fig.  1, 

applying  to  the  course  monitors  alone,  may  be  followed  if  proven  advantageous 
to  the  Government. 


b.  Near-field  monitor.  A near-field  monitor  pickup  device  shall  be 
provided  to  verify  course  alignment.  The  signal  from  the  near- field 
pickup  device  shall  be  utilized  to  operate  two  paralleled  monitor 
channels  (to  be  set  for  Category  II  course  alignment  tolerance). 
Whenever  an  out-of-tolerance  condition  exists  for  a period  of  5 
seconds,  as  sensed  by  both  channels,  shutdown  action  without  transfer 
shall  take  place  of  both  transmitters.  The  nominal  S second  delay 
time  shall  he  adjustable  from  2 to  10  seconds.  At  the  option  of  the 
supplier,  additional  near-field  monitor  pickup  devices  may  be  utilized 
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la  lieu  of  using  integral  pickups  for  the  nonitoring  of  proper  clearance 
signal.  In  this  case,  an  alam  delay  shall  be  provided  as  specified 
above,  and  after  the  set  dilay,  both  transadtters  shall  shut  down* 

c.  Far- field  monitor.  There  shall  be  three  far- field  monitor  pickup 
antennas  to  be  located  on  an  appropriate  support  structure  such  as 
telephone  poles  at  or  near  the  middle  marker  site.  The  pickup  signals 
shall  be  utilized  to  operate  three  receiver /monitors  each  provided  with 
dual  alarm  limits  for  monitoring  of  localizer  course  alignment.  The 
receivers  shall  be  of  the  crystal  controlled  superheterodyne  type  with 
suitable  band-pass  characteristics  to  reject  adjacent  channel  signals. 

Bach  monitor  shall  be  capable  of  being  set  for  Category  HI  and  Category 
II  course  alignment  alarm  limits  simultaneously.  The  three  Category  III 
tolerance  alarm  limits  shall  operate  in  parallel  with  the  provision  that 
whenever  at  least  two  of  the  three  monitors  indicate  an  out-of-tolerance 
condition,  a disable  Category  III  signal  shall  be  transmitted  to  the 
Remote  Control  Indicator  for  the  duration  of  the  fault.  Two  of  the 
Category  II  monitor  course  alarm  limits  (any  two)  shall  be  connected 
in  parallel  and  shall  operate  so  that  whenever  an  out-of-tolerance 
Category  II  condition  exists  for  a period  of  TO  seconds,  as  sensed  by 
both  monitor  channels,  all  localizer  radiation  shall  cease  unless  this 
function  is  by-passed  at  the  localizer  station,  without  attempt  to  trans- 
fer to  the  standby  transmitter.  Five  seconds  prior  to  the  anticipated 
shutdown,  the  monitor  shall  trigger  the  localizer  transmitter  alert 
shutdown  signal  (see  3.3.2).  The  nominal  70  second  time  delay  shall  be 
adjustable  from  40  to  120  seconds  and  shall  be  automatically  re-initialized 
each  time  the  DEM  as  indicated  by  both  channels  lies  within  allowable 
tolerances  for  longer  than  50  milli-seconds . The  output  DEM  of  one  of 
the  channels  shall  be  remotely  displayed  on  a meter  at  the  localizer 
station  for  use  as  a maintenance  aid.  The  far-field  monitor  3 hall  be 
housed  as  described  in  3*7-5;  shall  be  provided  with  standby  power  as 
described  in  3*1.15  and  shall  be  environmentally  controlled  if  necessary 
to  operate  during  all  environmental  extremes. 

d.  Standby  transmitter  monitor.  An  internal  monitor  consisting  of  single 
channels  and  utilizing  signals  coupled  from  the  transmission  line  from 
standby  transmitted  s)  to  the  dummy  load(s)  shall  monitor  course,  width, 
power,  modulation,  clearance  and  identification.  Upon  detecting  a fault 
the  standby  transmitter  shall  shut  down  after  an  adjustable  time  delay 
from  2 to  5 seconds.  While  the  standby  transmitted  s)  (are)  is  on  the 
air,  a disable  Cat  III  signal  shall  be  transmitted  to  the  Remote  Control 
Indicator.  (See  Figure  l) 

3.3.5  Equipment  shelter  (localizer  and  glide  slope  stations).-  Shelters  con- 
forming'to>5L7sT5528ri![ndThe“re^^  conforming  to 

an  alternate  design  acceptable  to  the  Government  shall  be  provided  for  both 
the  glide  slope  and  localizer  stations  and  shall  include  a test  bench.  The 
length  and  width  of  the  shelter  may  be  increased  as  necessary  to  accommodate 
the  US  equipment.  The  localizer  equipment  shelter  is  intended  to  be  located 
about  300'  from  the  antenna  array  center  within  a sector  of  + 60°  to  + 120° 
from  the  centerline  extended.  The  glide  slope  shelter  is  intended  for 
location  directly  behind  the  glide  slope  mast. 
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a.  Electrical  system.  All  power  line  circuitry  necessary  far  proper 
operation  of  the  ILS  shall  be  supplied  in  the  shelters  as  pert  of  the 
shelters.  The  wiring  shall  he  of  the  proper  site  to  handle  the  maxim* 
power  required  and  shall  comply  with  the  requirements  of  the  National 
Electric  Code.  All  power  and  multi- conductor  cables  shall  bo  shielded 
or  constructed  to  minimise  interference  radiated  by  the  cables. 

b.  Power  input  panel.  Power  receptacles  shall  be  located  on  the  front  of 
the  shelters  in  suitable  sloped  power  input  panels  and  shall  be  properly 
labeled. 

c.  Lighting  circuit.  Lighting  circuits  with  the  necessary  fixtures  and 
switches  shall  be  provided  as  part  of  each  shelter. 

d.  Convenience  outlets.  A wiring  raceway  with  at  least  two  duplex  con- 
venience outlets  on  each  main  wall  shall  be  provided  on  the  inside  walls 
around  the  periphery  of  the  shelters.  The  wiring  and  fixtures  of  this 
circuit  shall  be  adequate  to  carry  the  required  current  to  the  equipments. 
A minim*  of  five  outlets  shall  be  provided,  spaced  at  intervals  of  one 
foot  in  the  immediate  area  of  the  work  bench. 

e.  Power  junction  box.  A junction  box  shall  be  provided  on  the  front  end 
of  the  shelter  interior  to  accommodate  the  power  input  receptacles. 

f.  Distribution  panel.  All  electrical  brunch  circuits  shall  be  energized 
from  a master  distribution  panel  connector  to  the  power  junction  box. 

The  distribution  panel  shall  be  mounted  on  the  inside  entry  wall  of 
the  shelters. 

g.  Secondary  power  input.  A male  connector,  suitably  sealed,  shall  be 
provided  on  the  outside  of  the  shelter.  This  connector  shall  be 
capable  of  accepting  power  from  an  EMU- 10  power  cart  to  operate  the 
localizer  or  glide  slope  facility.  The  connector  shall  be  suitably 
switched  to  preclude  any  damage  from  simultaneous  application  of 

primary  oower  and  the  power  cart. 

h.  Fire  extinguisher.  A 5-pound  CO2  fire  extinguisher  shall  be  provided 
in  each  shelter  and  mounted  on  the  inside  of  the  shelter  doors. 

i.  Securing  of  parts.  Brackets,  lugs,  flanges,  inserts,  bolts  and  other 
mounting  arrangements  shall  be  such  as  to  retain  components  and  parts 
securely  when  the  equipments  are  subjected  to  the  specified  service 
conditions . 

j.  Shelter  layout.  Equipment  layout  in  the  shelter  shall  be  designed  for 
ease  of  maintenance.  All  sides  of  equipment  racks  which  require  access 
for  service  shall  have  sufficient  clearance  from  objects  and  walls  to 
permit  such  access. 

k.  Batteries.  Batteries  for  the  standby  power  supply  shall  be  mounted 
in  an  externally  vented,  easily  accessible  battery  box  in  such  a way 
that  no  harm  can  be  caused  by  acid  spillage. 
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1.  Environmental  controls.  If  environmental  controls  (Norton,  air 
conditioners , otc.)  an  required  for  operation  durinf  the  conditions 
specified  in  3.1.13  these  controls  shall  be  supplied  in  kit  fern  and 
in  such  a way  that  no  specialized  parts  (other  than  those  in  the  kit) 
and  only  ainor  shelter  codifications  an  required  to  remove  or  install 
the  kit.  Air  conditioners  shall  comply  with  the  requirements  of 
FAA-C-2256. 

3.4  UHF  Glide  Slope  Station  Performance  Requirements..  The  glide  slope  station 
shall  be  designed  to  meet  the  following  performance  requirements. 

3.4.1  General.-  ICAO,  Annex  10,  Part  I,  paragraphs  3.1.4.U,  3. 1.4. 1.2, 
3.1.4.1.2.2.b),  3. 1.4. 1.3,  and  3.1.4. 1.4  are  applicable. 

3.4.2  Radio  frequency.-  The  glide  slope  transmitter  shall  be  adjustable,  one 
at  a time,  to  all  of  the  20  assigned  channels,  spaced  on  0.3-MHz  increments 
across  the  band  of  328.6  to  335.4  MIlz.  The  frequency  tolerance  shall  not 
exceed  0.002  percent.  The  frequencies  of  the  r-f  carriers  shall  be 
individually  adjustable  and  the  nominal  band  occupied  by  the  carriers  shall 
be  symmetrical  about  the  assigned  frequency.  With  all  tolerances  applied, 
the  frequency  separation  between  the  carriers  shall  not  be  less  than  4, 

or  more  than  12,  KHz.  ICAO,  Annex  10,  Part  I,  paragraphs  3. 1.4. 2. 2 and 

3. 1.4. 2. 3 are  also  applicable. 

3.4.3  Coverage.-  With  the  transmitter  r-f  power  output  reduced  to  the  monitor 
alarm  point,  the  glide  slope  shall  provide  signals  sufficient  to  allow 
satisfactory  operation  of  a typical  aircraft  installation  in  a sector  of  8 
degrees  on  each  side  of  the  runway  centerline  extended  to  a distance  of  at 
least  10  nautical  miles  up  to  1.750  and  down  to  0.450  or  the  angle  corres- 
ponding to  0.22  DDM,  whichever  is  lower. 

3.4.4  Glide  path  structure.-  Deviations  of  the  actual  glide  path  from  the 
mean  glide  path  shall  remain  within  the  operational  tolerances  specified  in 
FAA  Order  8200. 11B  with  a 95  percent  probability. 

3.4.5  Carrier  modulation,-  The  nominal  depth  of  modulation  of  the  radio 
frequency  carrier  due  to  each  of  the  90-IIz  and  150-Hz  tones  shall  be  40 
percent.  The  depth  of  modulation  shall  not  deviate  outside  the  limits  of 

37.5  to  42.5  percent  but  shall  be  continuously  adjustable  between  those 
limits.  ICAO  Annex  10,  Part  I,  paragraphs  3. 1.4.5.2c)d)e) , 3. 1.4. 5. 2. 2, 
3.1.4.5.3b),  3.1.4.5.3.1b)  are  also  applicable. 

3.4.6  Displacement  sensitivity.-  The  angular  displacement  sensitivity  shall 
be  as  symmetrical  as  possible. The  nominal  angular  displacement  sensitivity 
shall  correspond  to  a l)UM  of  0.0875  at  an  angular  displacement  of  0.30  to 
0.40  degrees  above  and  below  the  glide  path.  This  value  corresponds  to  a 
deflection  of  ♦_  75  microamperes.  The  DDM  below  the  ILS  glide  path  shall 
increase  smoothly  for  decreasing  angle  until  a value  of  0.22  DDM  is  reached. 
This  corresponds  to  a "fly  up"  deviation  of  190  microamperes.  This  value 
shall  be  achieved  ac  an  angle  of  not  less  than  0.39  above  the  horizontal. 
However,  if  it  is  achieved  at  an  angle  greater  than  0.459,  the  DDM  shall 
remain  equal  to  or  greater  than  0.22,  at  least  down  to  0.459.  The  glide  path 
width  and  angle  shall  be  so  adjusted  that  an  aircraft  flying  in  such  a way 
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**  to  just  **lear  all  obstructions  between  the  outer  marker  and  the  threshold 
obtains  a signal  of  no  less  than  180  microamperes  (0.21  DON)  "fly  up".  With 
the  glide  path  widened  or  lowered  to  the  alam  point,  no  less  than  150  aicTo- 
asptres  (0.175  DM)  shall  be  obtained.  The  angular  displaceaent  sensitivity 
shall  be  adjusted  and  maintained  within  ♦ 15  percent  of  the  noninal  value 
selected.  ~ 

3.4.7.  Monitoring.-  The  automatic  monitor  system  shall  cause  a degradation  of 
Facility  Performance  Category  III  to  Category  II  or  cause  radiation  of 
Performance  Category  II  to  cease  for  any  of  the  following  conditions: 

a.  A shift  of  the  mean  glide  path  by  more  than  0.0400  from  0. 

b - ... 

A reduction  of  power  output  causing  the  guidance  signal  to  fall  outside 
the  limits  of  3.4.3  or  those  specified  under  3.4.4,  or  which  exceeds 
a reduction  of  80  percent  from  nominal  power  output  for  either  carrier. 


c.  A change  in  displacement  sensitivity  to  a value  differing  by. more  than 
15  percent  of  the  noninal  value  selected. 


d.  A lowering  of  the  line  below  the  glide  path  at  which  a DDM  of  0.0875 
is  realized  to  an  angle  less  than  0.7480  from  the  horizontal. 

e.  Deterioration  of  the  glide  slope  system  that  would  result  in  the 
reduction  of  below-path  clearances  outside  the  limits  specified  in 
FAA  Handbook  0A  P 8200.1. 

The  total  period  of  radiation  outside  the  tolerance  limits  specified  in 
these  performance  limits  shall  not  exceed  2 seconds. 

3.5  Clide  Slope  Station  Equipment  Requirements 

3.5.1  Equipment  list.-  The  glide  slope  station  shall  include  the  glide  slope 
transmitters,  the  glide  slope  antennas  with  a suitable  mast,  a monitor  and 
control  system,  and  an  equipment  shelter  all  as  described  below.  The  equip- 
ment shall  operate  as  a capture  effect  glide  slope,  however,  it  shall  be 
possible  to  convert  the  equipment  for  use  as  a null  reference  glide  slope, 
and  if  additional  equipment  is  required  for  this  conversion,  it  shall  also  be 
furnished. 

3.5.2  Glide  slope  transmitters.-  The  glide  slope  transmitting  system  shall  be 
* two  frequency  (capture  effect)  design.  Two  such  systems  shall  be  provided; 
one  designated  the  main  transmitter  system  shall  cause  the  glide  slope  antenna 
to  radiate  while  the  standby  system  is  normally  transmitting  internally 
monitored  signals  to  dummy  loads.  If  the  standby  transmitter  output  is  not 
satisfactory,  it  shall  be  shut  down.  Upon  automatic  or  manual  shut  down  of 
the  main  system,  the  standby  transmitter  system  shall  be  immediately  available 
for  transfer  to  the  antenna  (if  operating).  While  the  standby  transmitter 

is  operating  into  the  antenna,  the  main  system  shall  remain  shut  down.  The 
mutual  interference  between  the  two  systems  shall  be  reduced  to  a minimum 
with  negligible  mutual  monitor  interference.  Any  stray  radiation  from  the 
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standby  system  should  be  at  least  60  db  below  the  carrier  level  of  the  nain 
system  as  measured  at  the  transmitter  antenna  s>sten.  Unless  it  can  be  shown 
that  electronic  modulation  is  equal  or  advantageous,  mechanical  modulation 
shall  be  employed.  An  elapsed  time  indicator  shall  be  provided. 

3.5.3  Glide  slope  antenna.-  The  capture  effect  glide  slope  shall  include 
three  identical  antenna  arrays,  two  of  which  could  be  used  for  a null 
reference  system.  The  antenna  arrays  shall  be  designed  to  provide  a maximum 
of  ♦_  15  degree  horizontal  beanwidth  as  measured  at  the  half  power  points. 

The  antenna  and  monitor  mast  shall  he  designed  for  a location  no  closer  than 
400  feet  to  the  centerline  of  the  runway  being  served,  and  shall  not  exceed 
55  feet  in  height  above  the  elevation  of  the  runway  centerline  nearest  it. 

The  antenna  arrays  and  units  shall  be  so  designed  and  environmentally 
protected  that  they  operate  properly  under  all  climatic  conditions  of  3.1.13. 
Provisions  shall  be  made  to  prevent  birds  from  alighting  on  the  antenna 
elements.  A dual  obstruction  light  per  FAA  Advisory  Circular  AC  ISO/5345-2 
shall  be  provided  for  mounting  on  top  of  the  mast.  The  lamp  in  each  fixture 
shall  be  wired  in  parallel  and  shall  be  rated  at  100  watts. 

3.5.4  Glide  slope  monitor  and  control  system.-  To  insure  the  integrity  of  the 
glide  slope  signals,  integral,  near  field  and  standby  transmitter  monitors 
shall  perform  as  outlined  below.  In  addition  to  controlling  the  transmitting 
equipments,  the  indicated  status  at  the  Remote  Control  Indicator  shall  be 
downgraded  from  Facility  Performance  Category  III  to  Category  II  whenever 
standby  equipment  is  not  available  or  is  on  the  air.  Upon  shutdown  of  the 
glide  slope  system  a visual  and  audio  alarm  indication  shall  be  initiated 

at  the  Remote  Control  Indicator  and  restoration  of  the  glide  slope  radiation 
shall  be  prevented  for  at  least  20  seconds.  It  shall  be  possible  to  by-pass 
any  or  all  the  monitor  channels.  Fig.  2 illustrates  some  of  the  glide  slope 
monitor  and  control  system  requirements  herein. 

a.  Integral  monitor.  Pickup  devices  shall  be  located  at  each  radiating 
antenna  .>rray;  by  suitable  signal  combining,  the  integral  monitoring 
system  si. all  provide  composite  signals  for  the  monitoring  of  path 
position,  path  width,  power  level,  carrier  percent  modulation  and, 
in  the  »a.se  of  the  capture-effect  system,  below  path  clearance.  (If 
proven  advantageous,  and  at  the  option  of  the  Government,  the  power 
level  and  carrier  percent  modulation  parameters  may  utilize  signals 
coupled  from  the  antenna  transmission  line  in  lieu  of  antenna  radiated 
signals;.  The  monitoring  channels  utilizing  integral  monitor  pickup 
devj i <•*.  (or  transmission  line  signal  coupling)  shall  provide  integral 
monitm  action,  i.e  , shut  down  the  transmitter  on  the  air,  and  as 
appropriate,  transfer  the  standby  transmitter  to  the  antenna  upon 
sensing  an  out  of- tolerance  parameter  simultaneously  in  two  of  the 
three  channels  ! ••  monitor  channels  provided  for  path  position 
monitoring  shall  be  .alible  :■!.  'ieing  adjusted  for  use  with  a capture- 
effect  system,  and  of  being  disabled,  if  desired,  when  used  in  a null- 
reference  configuration. 

b.  Near  field  monitor.  A near-field  pickup  device  located  on  a suitable 

towei . shall  he  provided  to  verify  path  position.  The  signal  from  the 
near-field  pickup  device  shall  oe  utilized  to  operate  the  paralleled 
monitor  channels.:  Whenever  an  out-of-tolerance  condition  exists  for  a 
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period  of  2 seconds  as  sensed  by  two  of  the  three  channels,  the  trans- 
mitter on  the  air  shall  be  shut  down,  and  if  appropriate,  the  standby 
transmitter  output  shall  be  transferred  to  the  antenna.  The  nominal 
2 second  delay  tine  shall  be  adjustable  from  2 to  10  seconds. 

c.  GS  tower  defoxmation  monitor.  A device  shall  be  provided  to  detect 
permanent  misalignment  or  deformation  of  the  antenna  tower  to  a degree 
which  would  cause  improper  below-path  clearance  signals.  Ihis  device 
shall  have  sufficient  diaping  or  tine  delay  to  make  it  impervious  to 
tower  vibration  or  temporary  deflection  caused  by  wind  loading,  etc. 

d.  Standby  transmitter  monitor.  An  internal  monitor  consisting  of  single 
channels  and  utilizing  signals  coupled  from  the  transmission  line  from 
the  standby  transmitters  to  the  dummy  loads  shall  monitor  course,  width, 
power  modulation  and  clearance.  Upon  detecting  a fault  the  standby 
transmitter  shall  be  shut  down  after  an  adjustable  time  delay  from  2 

to  5 seconds.  When  the  standby  transmitters  are  on  the  air,  a disable 
Category  III  station  indication  shall  be  transmitted  to  the  remote 
control  indicator.  (See  Fig.  2.) 

3.S.S  Equipment  shelter.  See  paragraph  3.3.S  with  subparagraphs. 

3.6  VHF  Marker  Beacon  Performance  Requirements.-  The  VHF  marker  beacon 
station  shall  be  designed  to  meet  the  operational  requir  .nents  of  ICAO 
Annex  10,  Part  I,  and  the  performance  requirement*  specified  herein. 

3.6.!  General . - The  VHF  marker  beacon  station  shall  provide  information  about 
the  distance  to  the  runway  threshold  of  an  aircraft  engaging  in  approaches  to, 
and  landings  at,  airfields. 

3.6.2  Frequency.-  The  design  center  transmitter  output  frequency  shall  be 

75  MHz,  All  specified  requirements  shall  be  met  at  this  output  frequency.  The 
output  frequency  shall  be  within  ♦ 0.005  percent  of  the  design  center  value 
over  the  specified  service  conditions. 

3.6.3  Radiated  carrier  power.-  The  full  rated  carrier  power  output  of  the 
transmitter  shall  not  be  less  than  2 watt  over  the  specified  service  conditions 
as  measured  at  a 50-ohm  unbalanced  resistive  load  terminating  the  transmitter 
output . 


3.6.4  Coverage. - The  marker  beacon  field  pattern  shall  be  defined  by  the 
locus  of’  points  at  which  a standard  calibrated  aircraft  installation,  set  for 
"li.jf"  sensitivity,  causes  its  marker  beacon  light  to  come  on  while  the  aircraft 
is  flying  toward  the  station.  The  field  pattern  shall  satisfy  the  following 
conditions: 


a. 


b. 


c. 


mien  cut  by  a horizontal  plane,  Lite  pattern  shall  be  an  ellipse  with 
its  minor  axis  parallel  to  the  course  line. 

When  cut  by  a vertical  plane  in  the  minor  or  major  axis,  the  pattern 
shall  be  within  25  percent  of  the  limits  shown  on  figure  3. 

The  above  coverage  shall  ex’ end  to  an  altitude  of  at  least  3000  feet 
above  the  station. 
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d.  The  radiation  shall  be  horizontally  polarized. 

3.6. 5 Modulation  percentage. - 

a.  The  transaitter  shall  be  capable  of  being  nodulated  fron  85  to  98 
percent  over  the  full  range  of  power  output  with  any  of  thi  audio  tone 
generators  provided  with  the  equipment.  The  modulation  percentage 
for  each  tone  shall  be  adjustable  over  this  range. 

b.  After  initial  adjustment  to  95  percent  modulation,  adjustment  of  output 
power  over  the  avjdlable  range  shall  not  change  the  actual  percent 
modulation  more  than  3 percent. 

c.  After  initial  adjustment  to  95  percent  modulation  with  rated  power 
output  under  normal  test  conditions,  the  modulation  shall  be  91  to  99 
percent  under  the  specified  service  conditions. 

d.  A switch  selected  powition  of  the  multimeter  shall  be  provided  to 
indicate  percent  modulation.  The  meter  scale  shall  indicate  90  percent 
modulation  at  full  scale  left  and  100  percent  modulation  at  full  scale 
right.  The  error  in  indicated  percent  modulation  over  the  meter  scale 
shall  not  exceed  ♦_  1 percent  of  the  actual  percent  modulation  over  the 
full  range  of  power  output  under  noxmal  test  conditions.  Under  the 
specified  service  conditions,  the  error  in  indicated  percent  modulation 
shall  net  exceed  ♦_  5 percent  of  the  actual  percent  modulation. 

3.6.6  Modulation  frequency 

a.  The  transmitter  shall  include  the  built-in  tone  generating  and  modu- 
lating facilities  so  that  it  can  be  modulated  by  each  of  the  following 
audio  tone  frequencies,  as  selected: 

(1)  400  Uz  (outer  marker) 

(2)  1300  Hz  (middle  marker) 

(3)  3000  Hz  (inner  marker) 

b.  Each  modulation  frequency  shall  be  within  ♦ 1.5  percent  of  the  design 
center  frequency  under  normal  test  conditions.  Variation  of  each 
modulation  frequency  shall  not  exceed  2.5  percent  of  the  design  center 
frequency  under  the  specified  service  conditions. 

c.  The  total  harmonic  distortion  in  the  demodulated  output  shall  not  exceed 
8 percent  with  rated  power  output  and  95  percent  modulation. 

3.6.7  Identification  keyer.-  The  transmitter  shall  include  solid  state, 
electronic  keying  facilities  that  shall  key  the  following  audio  tones  without 
interruption  of  the  carrier: 

a.  The  outer  marker  audio  modulation  frequency  (400  Hz)  shall  be  keyed 
to  provide  a continuous  series  of  dashes. 

b.  The  middle  marker  audio  modulation  frequency  (1300  Hz)  shall  be  keyed 
to  provide  a continuous  series  of  alternate  dots  and  dashes. 
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c.  The  laser  aerker  audio  Modulation  frequency  (3000  Hi)  shall  be  keyed 
to  provide  a continuous  series  of  dots. 

The  keyer  shall  provide  character  tining  as  follows: 

d.  Dot  length:  0.1  second 

e.  Dash  length  0.3  second 

f.  Length  of  space  between  0.1  second 
dots  and  dashes  in  a con- 
tinuous series  and  within 

a code  character. 

Hie  keying  rates  shall  remain  within  ♦_  IS  percent  of  the  design  center  values 
under  the  specified  service  conditions.  Keying  pulses  shall  start  without 
undesirable  transients,  shall  have  no  discontinuities,  and  shall  stop  without 
undesirable  transients.  Transient  peaks  due  to  keying  shall  not  exceed  2 
percent  of  the  peak  amplitude  of  the  normal  audio  frequency  waveform  at 
the  modulator  output. 

3.6.8  Siting.-  The  marker  beacon  stations  shall  be  designed  to  be  located  to 
comply  with  the  obstruction  criteria  of  FAA  AC  120-20  and  the  siting  criteria 
of  FAA  Orders  6750.4,  6750. 5 and  67S0.8.  The  inner  marker  shall  be  so  sited 
and  adjusted  that,  in  a typical  aircraft  installation  on  the  established  glide 
path,  the  marker  light  comes  on  at  an  aircraft  altitude  corresponding  to  the 
decision  heitfit. 

3.7  Marker  Beacon  Station  Equipment  Requirements. 

3.7.1  Equipment  list.-  An  outer,  middle,  and  an  inner  marker  beacon  shall  be 
furnished.  Each  marker  bei«:on  shall  be  complete  and  include  marker  beacon 
transmitters,  antenna,  monitor  and  control  equipment,  and  equipment  shelters, 
all  as  described  below. 

3.7.2  Marker  beacon  transmitters.-  Dual  transmitters,  main  and  standby,  shall 
be  furnished  for  each  marker  beacon  station,  and  each  transmitter  shall  be 
complete  with  a modulator,  means  for  generating  the  three  tones,  an  identifica- 
tion keyer  and  a front  panel  multimeter  with  a selector  switch  to  display  the 
d-c  supply  voltage,  critical  r-f  test  points,  modulation  percentage,  and  the 
monitor  output  for  purposes  of  tuning-up  and  servicing  the  transmitter.  Only 
one  transmitter  shall  operate  at  any  one  time. 

3.7.3  Marker  beacon  antenna,-  The  antenna  shall  be  designed  to  meet  the 
coverage  requirements  of  3,6.3 . 

3.7.4  Marker  beacon  monitor  and  control  system.-  The  local  monitor  shall  cause 
a visible  and  audible  alarm  at  the  remote  control-indicator  if  the  following 
conditions  occur: 

a.  The  power  output  of  the  transmitter  drops  below  50  percent  of  nominal. 

b.  Audio  modulation  or  identification  keying  is  not  present. 

c.  Primary  power  to  the  site  fails. 
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d.  The  antenna  is  damaged  to  the  extent  that  the  pattern  is  adversely 
affected. 

A control  to  vary  the  nonitor  threshold  sensitivity  to  transnitter  power  output 
shall  be  provided  at  the  narker  beacon  site.  If  the  power  output  drops  below 
50  percent  of  noainal , or  if  the  audio  modulation  or  identification  keying  is 
not  present,  the  nonitor  shall  cause  the  main  transnitter  to  shut  down  within 
S seconds  and  transfer  operation  to  the  standby  transnitter.  In  case  of  an 
alam  on  the  standby  transnitter,  it  shall  not  shut  down  automatically. 

3.7.5  Marker  beacon  station  shelter.-  The  transmitters,  nonitor  and  control 
equipment,  and  battery  charger  equipment  nhall  be  housed  in  a double-walled 
altaainun  or  steel  shelter  designed  for  mounting  on  a staging  platform  (not 
furnished  under  this  requirement). 

a.  Cabinets.  The  outer  cabinet  shall  be  vented  to  provide  convection 
cocling  of  the  equipment  while  simultaneously  providing  protection 
against  rain  and  screening  against  insects.  The  inner  cabinet  shall 
be  vented  as  required  for  adequate  convection  cooling  with  (RF) 
screening  as  required  to  neet  equipment  performance  requirements.  A 
duplex  convenience  outlet  shall  be  installed  inside  the  inner  cabinet 
and  shall  be  wired  for  120V  a-c  operation. 

h.  Covers.  The  shelter  shall  be  provided  with  inner  and  outer  front  covers. 
The  inner  cover  shall  be  top  hinged  and  secured  by  neans  of  Dzus,  or 
equivalent,  fasteners  along  the  bottom  and  side  edges.  A movable  bar 
shall  be  provided  to  support  the  cover  in  a horizontal  position  as  a 
rain  shield.  The  hinges  shall  be  detachable  to  permit  complete 
removal  of  the  cover  when  desired.  When  positioned  as  a rain  shield, 
the  cover  shall  not  interfere  with  removal  of  the  modules  or  use  of 
extender  cards.  The  outer  cover  shall  be  removable  ty  captive  thumb 
screws.  A hasp  shall  be  furnished  for  attachment  of  a padlock  (not 
furnished  under  this  requirement)  to  prevent  unauthorized  access  to 
the  equipment  within  the  cabinet. 

c.  Battery  shelter.-  A separate  aluminum  housing  shall  be  furnished  to 
contain  the  batteries  needed  to  satisfy  the  power  requirements  of 
3,1.14  and  shall  be  designed  for  mounting  on  a platform.  It  shall 
have  a hinged  cover  that  provides  adequate  weather  protection  for  the 
batteries  and  permits  the  necessary  air  flow  for  ventilation.  A hasp 
shall  be  furnished  for  a padlock  to  preclude  unauthorized  access  to 
the  equipment. 

3.8  Remote  Conucl  Indicator. 

3.8.1  General.-  The  Remote  Control  Indicator  shall  consist  of  two  panels: 

An  ILS  Remote  Control  Panel,  and  an  I LS  Status  Display  Panel.  Each  panel 
shall  be  designed  for  mounting  in  a standard  19-inch  relay  rack,  and  shall 
be  an  integrated  unit  serving  all  stations  of  the  ILS.  The  two  panels  shall 
operate  independently  of  each  other  but  shall  be  interconnected  by  standard 
telephone  cable  and  have  parallel  inputs  from  the  individual  ILS  stations. 

The  two  panels  shall  be  identical  in  appearance  except  that  the  ILS  Status 
Display  Panel  shall  not  be  provided  with  a telephone  and  shall  not  have  any 
remote  control  functions.  The  ILS  Remote  Control  Panel  shall  be  the 
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executive  control  unit  for  the  ILS  (3.8.2. •).  The  Renote  Control- Indicator 
and  ILS  stations  tbtll  bo  intorconnictod  usinf  a naxinun  of  8 standard 
telephone  cable  pairs,  each  bavins  * naxinun  DC  loop  resistance  of  2000  ohns, 
to  each  station. 

3.8.2  Indicators.-  Each  station  being  served  shall  have  the  listed  indicators. 
Wiere  a particular  function  is  not  applicable  to  the  station  served,  the 
indicator  shall  be  disabled  by  removing  the  lightbulb.  The  indicators  shall 
be  nonentary  contact,  illindnated  push  buttons,  segnented,  colored  and  narfceo 
as  shown  in  Figure  4 and  described  below.  Each  group  of  two  push  buttons 
shall  be  nounted  on  a plug-in  nodule  which  nay  be  renoved  and  replaced  without 
affecting  the  operation  of  other  stations  of  the  systeo. 

a.  Status  control  indicator.  This  push  button  shall  indicate  whether  the 
aain  transnitter  i.'  the  standby  transnitter  is  radiating  signal  or 
whether  the  station  is  off.  The  "Main"  segnent  shall  be  colored  green, 
the  "Standby"  segnent  saber,  and  the  "Off"  segnent  red.  Depressing 
this  button  on  the  Renote  Control  Panel  shall  cycle  the  station  status 

as  follows  Station  Off-Station  On-Station  Off,  etc.  The  "Station 

Off"  action  shall  be  instantaneous;  however,  the  localiter  and  glide 
slope  nain  transmitters  shall  not  be  capable  of  being  placed  into 
operation  until  20  seconds  or  aore  have  expired  since  the  last  removal 
of  radiated  signal  fron  the  station  (the  foregoing  delay  to  be 
accomplished  by  automatic  control  equipment  at  the  VHF  localiter  or 
UHF  glide  slope  site).  A dinner  control  shall  provide  simultaneous, 
continuous  dinning  of  the  "Main"  segments  of  all  status  indicators 

on  the  panel. 

b.  Abnormal  indicator.  This  push  button  shall  be  amber  colored  and  shall 
illuainate,  and  an  audible  alarm  shall  sound,  under  any  of  the 
following  conditions: 

(1)  Primary  Power  Failure 

(2)  Battery  Charger  Failure 

(3)  Shelter  inside  temperature  outside  of  acceptable  limits 

(4)  Monitor  locally  bypassed  (see  below) 

(5)  Station  off  the  air 

(6)  Monitor  alarm  (see  3.1.26b) 

The  button  shall  remain  lighted  until  the  fault  is  cleared.  Depressing 
it  while  the  audible  alarm  is  sounding  shall  temporarily  silence  the 
alarm.  The  light  shall  flash  at  the  rate  of  approximately  2 times  per 
second  while  the  monitor  of  the  station  being  served  is  locally  bypassed, 
regardless  of  any  other  abnormal  conditions  which  may  exist  at  the 
station.  An  audible  alarm  shall  sound  each  time  an  abnormal  indication 
occurs.  It  shall  have  the  capability  of  being  silenced  by  depression 
of  an  "abnormal"  button.  Even  if  so  silenced,  the  alarm  shall  sound 
again  each  time  a new  "abnormal"  indication  is  received.  A volume 
control,  accessible  by  screwdriver  from  the  front,  shall  be  provided. 

It  shall  not  be  possible  to  completely  silence  the  alarm  with  this 
control. 
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c.  ILS  Perfomnc*  Category  Status.  Two  indicator  light  pmmls,  gram 
and  aaber,  and  labeled  CAT  III  and  CAT  II,  respectively,  shall  be 
provided  on  each  panel  to  allow  nonitoring  of  the  ILS  Performance 
Category  Status.  Only  one  light  pmel  shall  be  lighted  at  any  tine 
and  if  the  performance  is  below  Category  II  status  as  defined  below, 
neither  light  panel  shall  be  lighted.  Whenever  transfer  is  made  from 
one  performance  category  status  to  another  a nonentary  buzzer  shall 
sound.  A voltae  control  accessible  by  screwdriver  from  the  front 
shall  be  provided.  It  shall  not  he  possible  to  completely  silence 
the  buzzer  with  this  control. 

The  following  input  indications  are  required  to  light  up  the  ILS 
Category  III  indicator  light  panel: 

(A)  Localizer  main  transmitter  on  (See  fig.  1) 

(B)  Localizer  standby  transmitter  available  (See  fig.  1) 

(C)  Localizer  far  field  Cat.  Ill  course  monitor  "happy"  (See  fig.  1) 

(This  alarm  input  (C)  shall  be  delayable  from  0-20  sec.  by  means  of  a 
control  on  each  panel.) 

(E)  Glide  slope  monitor  "happy"  (See  fig.  2) 

(F)  Glide  slope  standby  transmitter  available  (See  fig.  2) 

(G)  DME  OK 

(11)  Outer  marker  on  (and  no  ri:  level  or  identification  alarm) 

(I)  Middle  marker  on(  " " " " " " " ) 

(J)  Inner  marker  on  ( " " " " " " " 

(L)  Localizer  Station  abnormal  light  off,  (M)  GS  Station  abnormal  light  off 
Provisions  for  three  additional  optional  inputs  shall  be  provided. 

It  shall  be  possible  to  by-pass  any  or  all  input  indications. 

The  following  inputs  are  all  required  to  light  up  the  ILS  Category  II 
indicator  light  panel: 

(D)  Localizer  Category  II  monitor  "happy"  (See  fig.  1) 

(E)  GS  monitor  "happy"  (See  fig.  2) 

(11)  Outer  marker  on  (and  no  rf  level  or  identification  alarm) 

(I)  Middle  marker  on(  " " " ) 

(J)  Inner  marker  on  ( " " " " " " " ) 

(K)  Category  III  indicator  light  panel  light  off. 

3.8.3  Telephone  handset  and  dial.-  This  unit  shall  provide  voice  coaonmicatlon , 
with  ringing  capability;  to  each  site  being  served  by  the  panel.  A dial  code 
shall  be  provided  which  permits  monitoring  of  the  localizer  identification 
signal  when  the  handset  at  th.i  localizer  site  is  in  its  cradle.  A switch 
position  shall  be  provided  at  the  localizer  site  to  permit  local  monitoring 
of  the  identification  signal. 

3.9  Additional  Requirements 

5.9.1  Test  equipment.-  Any  ground  test  equipment  required  for  the  set-up  and 
normal  maintenance  of  the  equipment,  not  available  through  regular  commercial 
channels,  shall  be  furnished  as  part  of  the  ILS  equipment  system.  A list  of 
all  required  test  equipment  by  type  shall  be  furnished  in  the  original  proposal. 
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3.9.2  Sparcparts.-  Spare  Modules  or  subunits  shall  be  furnished  so  that  for 
any  electronic  circuit,  or  assembly  within  the  system  subject  to  failure  there 

is  at  least  one  such  Module  or  subunit  available  as  a replacement.  Additionally, 
if  within  the  entire  systen  furnished  nore  than  10  identical  submits  exist,  at 
least  one  such  spare  unit  shall  be  furnished  for  each  10  units  or  a fraction  of 
ten  units.  In  addition,  a two-year  self  sufficient  supply  of  spare  parts  required 
in  noxnal  operation  shall  be  furnished. 

3.9.3  Equipment  specifications.-  Equipnent  specification  (one  per  each  sub- 
systen)  shall  be  prepared  per  ^AA-STD-005  and  furnished. 

3.9.4  Instruction  books.-  Coanercial  type  instruction  books,  describing  the 
complete  theory,  installation.  Maintenance  and  operation  of  each  subsystem 
shall  be  furnished.  To  contents  shall  be  equal  to  the  in-depth  description  as 
required  by  FAA-D-638h,  but  exact  compliance  to  the  format  requirements  of  this 
specification  is  not  required. 


3.9.5  Test  Requirements 

a.  Laboratory  tests.  In  plant  inspection  and  testing  shall  be  conducted 
to  demonstrate  compliance  with  the  performance  and  equipment  require- 
ments herein.  Each  *>ajor  subsystem  furnished  (localizer,  glide  slope, 
localizer  far  field  monitor  and  markers)  shall  he  subjected  to 
environmental  chamber  tests  to  demonstrate  satisfactory  operation 
under  temperature  and  hiaiidity  extremes  specified  in  3.1.13.  The 
contractor  shall  be  responsible  for  all  the  testing  necessary  to 
insure  conformance  and  nay  utilize  his  own  facility  or  any  commercial 
laboratory  acceptable  to  the  Government.  The  Government  reserves  the 
right  to  perform  any  inspection  where  such  is  deemed  desirable  to  assure 
supplies  and  performance  conform  to  the  prescribed  requirements. 

b.  Field  tests.  The  contractor  shall  be  required  at  a location  designated 
by  the  Government  to  assist  in  the  installation  and  tune-up  of  the 
equipment  and  may  be  required  to  implement  reasonable  modifications* 

or  improvements  designed  to  upgrade  the  reliability  and  integrity  of 
the  system,  if  found  desirable,  during  the  field  testing  of  the  equipment. 
Final  acceptance  is  subject  to  successful  demonstration  of  field 
performance . 


4.  RELIABILITY,  AVAILABILITY/MAINTAINABILITY  AND  FAIL  SAFE  DEMONSTRATION  TF.ST 

plans  and  Procedures 

4.1  General.-  The  importance  of  safety  and  availability  are  paramount  in  regard 
to  the  Category  III  ILS  equipment.  This  equipment  must  operate  within  the  same 
safety  standards  as  present  Category  I,  II  and  VFR  system.  It  is  incumbent  on 
the  contractor  to  demonstrate  his  proposed  equipment  by  an  analytical  and  opera- 
tional evaluation  that  the  reliability,  availability  and  iail-safe  requirements 
specified  within  this  work  statement  are  met.  The  design  evaluation  shall  be 
consistent  with  the  latest  available  reliability  engineering  procedures  and 
the  performance  evaluation  sliall  be  based  on  statistical  techniques  requiring 
the  actual  operation  of  the  equipment.  The  meaning  of  specific  terms  used  herein 
shall  be  in  accordance  with  MIL-STD-721B. 
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The  purpose  of  the  operational  denonstrati on  tests  is  to  assure  the  FAA  that 
the  proposed  equipment  neets  the  reliability,  availability  and  fail-safe 
requirements  described  below.  The  contractor  will  create  the  necessary 
management  controls  to  assure  that  the  denonstration  prog ran  is  carried  out 
as  specified.  This  denonstration  will  he  conducted  by  the  actual  operation 
of  the  equipment  for  a sufficient  period  of  tine  to  assure  that  the  require- 
nents  specified  below  are  net.  However,  prior  to  any  operational  denonstration 
or  fabrication  of  the  equipnent,  it  will  be  necessary  for  the  contractor  to 
supply  the  FAA  with  the  results  of  an  analytical  evaluation  of  the  design  to 
denonstrate  that  the  proposed  design  has  the  inherent  capability  of  neeting 
the  specifications.  The  contractor  will  await  approval  of  the  final  design 
by  the  Contracting  Officer  prior  to  proceeding  with  the  final  assembly  of  the  equip 
■ent. 

It  is  envisioned  that  sane,  or  all,  of  the  test  tine  necessary  for  the 
denonstration  will  be  accumulated  from  equipnent  which  is  installed  in  an 
airport.  The  contractor  will  be  responsible  for  rll  data  collection, 
naintenance  and  failure  evaluation  prior  to  the  acceptance  of  the  equipnent 
by  the  FAA.  Acceptance  of  the  equipnent  will  be  contingent  upon  passing 
the  denonstration  test. 

4.2  Test  Managenent. 

4.2.1  Organizational  requirenents.-  A denonstration  test  program  is  a 
dynamic  procedure,  that  reacts  to  events  as  they  occur  during  the  test 
period.  The  contractor  shall  create  a central  test  program  management 
organization  to  insure  that  the  proper  test  specifications  are  applied  and 
that  plan  requirenents  are  net.  The  test-program  management  shall  be 
responsible  for  overall  coordination  of  the  testing  effort  so  as  to  prevent 
duplication  and  to  insure  that  there  are  no  serious  (missions.  If  any 
portion  of  the  program  is  subcontracted,  the  subcontractor  shall  be  responsible 
to  the  contractor  for  their  portion  of  the  task. 

The  contractor's  test-program  management  organization  shall  be  responsible 
for  supervising  the  formulation  and  implementation  of  the  demonstration  test 
plans,  procedures  and  data  reporting  system.  The  contractor  shall  specify 
the  methods  of  collecting  data  and  indicate  how  the  management  team  and  the 
FAA  will  be  kept  informed  as  to  the  progress  of  the  demonstration  tests. 

The  contractor  will  indicate  what  data  collections  will  be  used.  All  forms 
will  be  approved  by  FAA. 

4.2.2  Test  scheduling . - The  contractor  will  submit  a test  schedule  that 
indicates- the  major  milestones  in  accomplishing  the  demonstration  test. 

4.3  Reliability  Program  Plan 

4.3.1  Minimum  requirements.-  The  contractor  shall  establish  equipment  reliability 

through  a program  performed  in  accordance  with  MIL-STP-785  and  MIL-HDBK-217*. 

The  reliability  analysis  shall  contain  the  following  as  a minimum: 

a.  A reliability  block  diagram  of  the  equipment  indicating  all  redundancies, 
series  elements,  voting  logic,  etc. 

b.  Failure  rates  for  each  element  of  the  equipment,  where  an  element  is 
defined  as  the  highest  level  of  assembly  for  which  failure  rates  are 

available.  - 
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c.  Refmnces  of  all  failure  rate  data  and  Modification  factors  used  to 
account  for  enviro—e ntal  conditions.  Justification  of  these  factors 
nust  be  baaed  on  engineering  analysis. 

d.  All  systan  failure  nodes  Must  be  identified. 

e.  An  estinate  of  the  equipment  reliability  will  be  made,  based  on  the 
above  requirements. 

f.  All  assumptions  concerning  the  reliability  analysis  Must  be  docueented 
and  justified. 

4.3.2  Reliability  assessment.-  Using  the  results  of  4.3.1,  the  contractor  will 
demonstrate  that  the  proposed das i gn  is  capable  of  nesting  the  requirements 
specified  below. 

4.4  Demonstration  Test  Plan  Specifications 

4.4.1  Reliability  demonstration  plan  specification.-  The  contractor  shall 
design  and  iap lament  a reliability  demonstration  test  plan  such  that  the 
probability  of  the  FAA  accepting  a system  that  does  not  meet  the  reliability 
requirements,  shall  not  exceed  0.10.  The  reliability  requirement  is  the 
following:  That  during  the  critical  phase  of  a Category  III  landing  (any  10  and  5 
second  period  for  the  localizer  and  glide  slope,  respectively),  the  probability  of 

a potentially  hazardous  signal  fault  including  loss  of  signal  shall  not  exceed  (1.0) 
X 10-7.  Any  failure  time  distributional  assuaption  made  in  the  selection  of  the 
plan  must  be  validated. 

The  contractor  will  specify  the  required  test  time,  acceptable  nuaber  of 
failures  and  assumption  made  in  the  design  of  the  plan.  The  contractor  shall 
also  supply  operating  characteristic  (0C)  curves  to  illustrate  the  properties 
of  the  proposed  test  plan.  HIL-STD-781B  shall  be  used  as  a guide. 

For  systems  that  have  a high  reliability  requirement,  the  test  time  needed 
for  demonstrating  the  above  requirement  can  be  very  long,  i.e.,  several 
thousands  of  hours,  therefore,  the  contractor  shall  consider  various  methods 
to  reduce  the  required  calendar  time  to  perform  ILS  demonstration  tests. 

The  calendar  time  shall  not  exceed  5,000  hours. 

4.4.2  Availability/Maintainability  demonstration  plan  specifications.-  The 
contractor  shall  develop  an  availability  demonstration  plan  and  analytical 
model  that  are  consistent  with  the  reliability  demonstration  plan  and 
analytical  model.  The  contractor  shall  design  and  implement  an  availability 
demonstration  test  plan  such  that  the  probability  of  the  FAA  accepting  a 
system  that  does  not  meet  the  availability  requirements  shall  not  exceed  .10. 

The  availability  requirement  states  that  the  system's  stead  state  availability 
shall  not  be  less  than  .99. 

The  contractor  shall  design  plans  whereby  fault  simulation  for  corrective 
maintenance  tasks  shall  be  performed  by  the  introduction  of  faulty  parts, 
deliberate  misalignment  (bugging)  etc.,  as  specified  in  MIL-STD-471 , 

Maintainability  Demonstration.  A minimum  of  fifty  (50)  stratified  (bugged) 
samples  are  required  for  developing  time-to- repair  data.  Since  the  amount 
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of  else  in  which  Category  111  condi tions  exist  is  small  with  respect  to  VFR 
conditions,  preventive  Maintenance  will  only  be  scheduled  during  VFR  conditions 
and  will  not  be  charged  against  availability.  The  contractor  can  asstme  that 
the  tine- to- repair  data  fits  a lognomal  distribution.  The  tine-to-repair 
data  should  not  include  logistic  delay,  i.e.,  repairmen,  parts  and  tools  are 
available.  The  contractor  shall  demonstrate  Systea  Maintainability  (correc- 
tive maintenance)  by  applying  Method  (a  « 5%)  and  Method  4 (90%  confidence  level) 
from  MlL-STD-471  using  the  fault  simulation  time-to-repair  data. 

4.4.3  Fail-safe  demonstration  specifications.-  The  contractor  shall  demonstrate 
that  the?ail-safe  properties  of  the  Category  III  ILS  Ground  P.qui pment  satisfy 
the  following  criteria: 

a.  That  all  potentially  hazardous  failures  are  detected. 

b.  That  all  potentially  hazardous  failures  do  not  cause  inaccurate 
commands . 

The  above  criteria  shall  he  demonstrated  during  the  collection  time-tn-repair 
data  (Section  4.4.2)  by  observing  and  recording  the  system's  behavior  to  the 
deliberate  introduction  of  faulty  parts  and/or  the  misalignment  of  the  system 
in  which  a hazardous  condition  can  occur,  and  if  necessary  to  continue  to 
introduce  faulty  parts  and/or  misalign  (bug)  the  system  so  as  to  demonstrate 
a particular  fail-safe  characteristic  that  was  not  demonstrated  during  the 
collection  of  time -to- repair  data. 

The  contractor  will  assure  the  FAA  that  all  potential  modes  of  hazardous 
failure  have  been  studied  and  satisfy  the  fail-safe  requirements. 

4.4.4  Environmental  condition  specifications.-  The  contractor  shall 
demonstrate  that  equipment  and  structures  such  as  antennas,  cables,  monitors, 
etc.,  that  are  continuously  exposed  to  the  outdoor  environment  must  satisfy 
the  extreme  conditions  of  temperature,  humidity,  wind,  rain,  snow,  fog  and 
vibrations  induced  by  aircraft  acoustical  noise  that  can  be  expected  at  the 
airport  site. 

The  contractor  shall  ensure  that  vibrations  induced  by  aircraft  acoustical 
noise  do  not  have  any  significant  effect  on  indoor  equipment.  The  contractor 
will  describe  in  his  test  plan  the  methods  to  which  these  requirements  will 
be  verified. 

4.5  Demonstration  Plan  Evaluation  Specifications 

The  Category  III  ILS  demonstration  plsns  formulated  and  implemented  by  the 
contractor  with  the  cooperation  of  the  FAA  will  be  subjected  to  continuous 
evaluation  by  the  contractor  and  FAA  during  the  implementation  phase. 


4.5.1  Request  for  waiver.-  Request  for  deviation  or  waiver  from  this  speci- 
fi cation  shall  be  directed  to  FAA  for  approval. 

4.5.2  Oral  statements.-  Oral  statements  by  any  person  or  persons  shall  not  be 
permitted  in  any  manner  or  degree  to  modify  or  otherwise  affect  the  require- 
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■«nts  or  aqr  portion  of  this  spool fleet ion,  or  any  specification,  standard, 
drawing  or  publication  referenced  heroin. 

4.5.3  Conflicting  requlraaents.-  Conflicting  requireaents  arising  between 
this  specification  orany  specification , standard,  drawing  or  publication 
listed  heroin,  shall  bo  referred  in  writing  to  the  FAA,  or  appointed  agent, 
for  interpretation,  clarification,  resolution  or  correction. 

4.6  Doaaentation  Specification 

The  contractor  shall  docwent  the  f emulation  and  inpleaentation  phases  of 
the  deaonstration  test  plan  prograa. 

4.6.1  Documentation  required  for  the  formulation  phase.-  The  docuaentation 
for  the  fomulation  phase  shall  be  subuitted  with  the  contractors  proposal 
for  Category  III  ILS  Ground  Equipaent  as  a separately  bound  docuaent  and 
shall  include  the  following: 

a.  The  contractor's  proposed  deaonstration  plan  aanageaent  organisation. 

b.  A coaplete  description  of  the  deaonstration  test  plans,  analytic 
nodels  and  reliability  analysis. 

c.  A coaplete  description  of  the  data  reporting  system  with  a descrip- 
tion and  samples  of  data  reporting  forms. 

d.  A milestone  chart  and  planned  work'  schedule  indicating  the  time 
required  to  demonstrate  the  various  phases  of  the  demonstration 
requirements . 

4.6.2  Documentation  required  for  implementation  phases.-  Documentation  for 
this  phase  shall  consist  of  the  following: 

a.  Progress  Reports  are  to  be  submitted  at  bi-monthly  intervals  with 
milestone  charts  showing  the  planned  work  schedule  and  work  completed. 
The  contractor's  demonstration  plan  management  must  ensure  that  these 
reports  are  consistent  with  the  objectives  and  plans  described  in  the 
Fomulation  Phase  of  the  demonstration  test  plan  program. 

b.  Pinal  Report  covering  the  completed  contract  effort  shall  contain  as  a 
minimal: 

1.  Data  collected. 

2.  Factors  which  influence  data. 

3.  Analysis  of  the  data  (data  reduction  technique  used,  use  of  the 
data  by  the  analytic  models). 

4.  Results  of  the  demonstration. 
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FIG.  1.  Proposed  Localizer  Monitor  Control  Circuits  Logic 


FIG.  2.  Proposed  Glide  Slope  Monitor  Control  Circuits  Logic 
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CMP  m/n  ns  DwlopBroT  ocigbb  1972 

This  amendment  forms  a part  of  FAA-®- 320-002,  Rev.  Mo.  1 February  1971* 

Page  5,  paragraph  3*1 -15,  third  sentence.  Change  to  read  "...eight  hours 
for  the  localizer  and  glide  slope  stations  and  twenty- four  hours  for  the 
marker  beacons." 

Rage  7 $ paragraph  3«l«26a.  Modify  third  sentence  to  read:  "The  design  of  all 
the  Monitor  components  shall  yield  extrenely  high  reliability  and  integrity 
and  shall  be  of  highest  practical  fail-safe  nature  to  cause  failures  of  any 
individual  Monitor  channel  Itself  or  the  loss  of  the  Monitor  input  signal 
to  be  detected  as  a fault  indication." 


Page  7,  paragraph  3.1.26b,  after  the  sentence  ending  "...sbnomal  operation 
(see  3‘l*l8  and  3*8)."  insert  "Exception:  In  the  case  of  the  localizer  near 
field  monitor  channels,  this  indication  shall  be  delayed  by  the  nominal  5 second 
delay  (see  3<3>^)  and  in  the  case  of  the  localizer  far  field  monitors,  this 
indication  is  not  required  for  the  Category  III  out-of-tolerance  but  shall  be 
present  after  the  nominal  Category  II  monitor  delay  of  * 70  seconds  (see  3-31*0)"  • 

Page  7-  Add  paragraph  "3.1.27  Test  Connector.-  A conveniently  located  test 
connector  with  terminals  for  output ' signals  from  the  monitors  in  form  of  do 
analog  levels  representing  rf  amplitude,  sdm,  ddm  and  ident,  as  appropriate, 
shall  be  provided  in  the  localizer,  glide  slope,  and  far  field  monitor.  The 
terminals  shall  be  suitable  for  multi-channel  recorder  connections  to  record 
system  performance  and/or  a maintenance  monitor  without  interaction  with  the 
monitor.  As  a minimum,  the  following  signals  Bhall  be  available  at  the  localizer 
and  GS:  Course  position  1,2,3  - RF,  SIM  and  DDM;  Course  width  1,  2,  3 - DDM: 

IDENT  1,2,3;  Clearance  1,2,3  - RF,  SDM  and  DDM;  NFM  1,2,3  - RF,  SDM,  DDM; 

STBY  Course  - RF,  SDM,  DDM'  STBY  Course  width  - DDM;  STBY  Clear.  - RF,  SDM, 

DDM;  STBY  IDENT.  As  a minimum  the  following  signal  shall  be  available  at 
the  far  field  monitor:  DDM  No.  1,2  and  3." 

Page  ?•  Add  paragraph  "3.1.28  Maintenance  Monitor.-  The  maintenance  monitor 
shall  provide  local  and  remote  pre-alarm  indications  of  certain  key  parameters 
of  the  localizer  and  the  glide  slope  without  interaction  to  the  executive 
monitor  and  control  system.  The  equipment  shall  compare  appropriate  analog 
signal  levels  from  each  monitor  channel  with  predetermined  and  adequately 
adjustable  reference  voltages  and  display  the  results  locally  and  at  a central 
maintenance  control  point.  A remote  indication  that  a given  parameter  has 
exceeded  a preset  value  but  not  yet  gone  into  alarm  will  signal  the  possible 
need  for  preventive  maintenance.  Table  1 presents  a list  of  the  selected  para- 
meters which  shall  serve  a|  inputs  to  the  maintenance  monitor,  all  of  which, 
with  the  exception  of  the  localizer  far  field  monitor  and  the  batteries,  are 
available  at  the  test  connectors  referred  to  in  paragraph  3.:. 27*  The  ILS 
system  operation  shall,  for  practical  purposes,  be  unaffected  by  the  addition 
or  the  removal  of  the  maintenance  monitor. 
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The  maintenance  monitor  system  shall  consist  of  four  chassis  with  associated 
status  indicator  panels.  Each  chassis  shall  house  the  required  electronics. 

The  finish  and  markings  on  the  panels  shall  he  consistent  with  the  US  cabinet 
panels  and  the  remote  control  indicator.  The  remote  status  panel  shall  operate 
on  11 5v  60  Hz  single  phase  power  supply.  Power  for  the  maintenance  monitor 
circuitry  located  at  the  localizer,  glide  slope,  and  far  field  monitor  shall 
be  taken  from  the  associated  cabinet  battery  charger  output  and  the  battery 
power  supply.  The  additional  power  required  at  each  station  shall  be  within 
the  station  standby  power  capability  as  specified  in  paragraph  3.I.I5. 

Figures  5 and  6 illustrate  signal  display  requirements  and  possible  layouts 
of  the  indicator  panels.  Alternately,  the  localizer  and  glide  slope  panels, 
in  the  interest  of  interchangeability  may  be  made  i dent  1 car.  Each  indicator 
panel  shall  contain  a power  on/off  switch  end  a lamp  bulb  test  switch.  A 
lamp  power  switch,  if  required,  shall  al'io  be  located  on  each  local  station 
panel  to  permit  conserving  power  by  removing  the  display  light  voltage  for 
periods  while  station  is  unattended. 

Figures  7 and  8 illustrate  how  the  signals  may  be  processed  from  the  Input 
and  on  to  the  remote  display.  A near-out-of-tolerance  condition  on  a given 
input  is  detected  and  fed,  if  appropriate,  to  an  OR  gate  ’•'hose  output  causes 
appropriate  local  and  remote  indications.  The  stations  panels  are  connected 
to  the  remote  maintenance  monitor  status  panel  at  the  central,  maintenance 
control  point  by  multi-pair  cables  furnished  by  the  Government.  Thrse  line 
pairs  cure  required  for  the  far  field  monitor,  9 pairs  for  the  glide  slope, 
and  10  pairs  for  the  localizer. 

Page  9,  paragraph  3.2.11.f.  Change  to  read:  "A  change  of  the  90/150  Hz 

modulation  percentage  sum  beyond  + % of  nominal." 

Page  10,  paragraph  3-3*2.  Delete  the  last  sentence. 

Page  11,  paragraph  3*3*3*  Modify  the  last  sentence  to  read:  "The  lamp  in 

each  fixture  shall  be  116  watt,  GE  #116  A21/TS  lamp." 

Page  11,  paragraph  3*3*^*  In  the  sentence  "It  shall  be  possible  to  bypas3 
any  or  all  monitor  channels"  change  "any  or  all"  to  read  "all  the". 

Page  11,  paragraph  3*3*^  last  sentence.  Delete  "as  indicated  in  Figure  1". 

Page  12.  Delete  the  first  sentence  of  paragraph  j.3.^c.  Far  field  monitor. 
Substitute  therefor  the  following: 

"Far  field  monitor.  There  shall  be  three  far  field  monitor  pickup  antennas  to 
be  located  on  an  appropriate  support  structure  such  as  telephone  poles  at  or 
near  the  middle  or  inner  marker  sites." 

Page  13.  Delete  the  sentence  under  paragraph  3.h.7b  and  substitute  therefor 
the  following: 
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"A  reduction  of  power  output  causing  the  guidance  signal  to  fall  outside  the 
limits  of  3*^*3  or  those  specified  under  3*^*^>  or  which  exceeds  a reduction 
to  80  percent  frc=  seminal  power  output  for  either  carrier." 

Page  16.  Modify  paragraph  2,  sixth  sentence  to  read:  "Any  stray  radiation 
from  the  standby  system  shall  be  at  least  50  db  below  the  carrier  of  the  main 
system..  M.  Delete  the  last  sentence. 

Page  16,  paragraph  3*5 *3*  Modify  the  last  sentence  to  read;  "The  lamp  in 
each  fixture  shall  be  116  watts,  GE  #116  A21/TS  lamp." 

Page  17,  paragraph  3*  5*^b.  After  "two  of  the  three  channels,"  change  to  read 
"the  main  and  standby  transmitters  shall  shut  down.  The  nominal..." 

Page  lB,  paragraph  3*6*5.,d  third  sentence.  Change  to  read". . .shall  not  exceed 
3 percent..."  from  "...shall  not  exceed  1 percent...". 

Page  <20,  paragraph  3*7*5  and  sub-paragraphs.  Delete. 

Substitute: 

"3.7.5  Marker  beacon  station  shelter.  - The  Marker  beacon  station,  including 
batteries,  shall  be  housed  in  a standard  FAA  Marker  beacon  building,  per  PAA 
drawing  D-5601-1,  -2  and  -3,  or  similar  (not  to  be  furnished  by  the  Contractor), 
or  if  specified,  in  a suitable  shelter  which  shall  be  of  adequate  size  to 
enclose  one  set  of  a dual  Marker  beacon  station,  or  a localizer  far  field 
monitor,  plus  adequate  room  for  one  maintenance  technician  to  perform  routine 
maintenance.  The  shelter  shall  provide  protection  against  wind,  precipitation, 
insects  and  excessive  heat  by  means  of  air  louvers.  The  enclosed  equipment 
shall  riot  require  tne  shelter  to  be  temperature  controlled.  A duplex  con- 
venience outlet  shall  be  provided.  Requirements  of  E.R  3*3*5  a,  c,  f,  ,1  and 
k arealso  applicable. 

Page  21,  paragraph  3*8. 2b.  Change  to  read:  "Abnormal  indicator.  This  push 

button  shall  be  amber  colored  ecid  segmented  into  two  sections.  The  two  sections 
(A),  and  (b)  shall  illuminate  respectively  for  the  following  conditions  accomp- 
anied by  an  audible  alarm: 

(1)  Primary  power  failure  (a) 

(2)  Cattery  charger  failure  (A) 

(3)  Shelter  inside  temperature  outside  acceptable  limits  (A) 

(H)  Monitor  locally  bypassed  (see  below)  (b) 

(5)  Station  off  the  air  (b) 

(6)  Monitor  alarm  (see  3*l*26b)  (b) 

The  button  shall ..." 

Page  22,  paragraph  3*8. 2c.  Delete  line  beginning  with  "(L)"  and  the  following 
line. 

Substitute: 
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"When  abnormal  Indicator  Section  (a)  (localizer  and/or  OS)  illuminates,  It 
shall  disable  the  Category  m 8tatus  only  after  an  adjustable  delay  fro*  0 
to  tvo  (2)  hours  and  fifty  ($0)  Minutes . When  abnormal  indicator  Section  (B) 
(localizer  and/or  06)  lllmrt nates,  it  shall  not  disable  the  Category  in 
status,  except,  if  either  or  both  localizer  and  G3  monitor  is  bypassed  neither 
the  Category  IH  nor  the  Category  II  status  lights  shall  illuminate.  Provisions 
for  two  additional  inputs  shall  be  provided." 

Page  22,  paragraph  3.8-3-  Delete  "and  dial"  in  "Telephone  handset  and  dial." 

Page  23,  paragraph  3*9*4.  Modify  to  reed  "Commercial  type  instruction  books 
shall  be  furnished.  The  contents  (not  necessarily  format)  shall  be  equal  to 
the  indepth  description  as  required  per  FAA-D-638  with  the  following  exceptions. 
Type  test  data  per  FAA-D-638  paragraph  3*39*4  are  not  required.  As  applicable 
special  information  required  under  FAA-D-638  paragraph  3.36.1  and  3.36.3  may 
be  deleted;  information  per  paragraph  3-36.2  and  3*36.4,  if  furnished  elsewhere 
with  the  equipment  need  not  to  be  included  in  the  book,  and  information  required 
per  paragraph  3*36.5  and  3*36*6  may  be  included  in  the  Operation  Section  at 
the  Contractor's  option.  Requirements  per  FAA-D-638  paragraph  3.45.2.1  are 
deleted.  Specific  step  by  step  fault  isolation  procedures  below  the  PWB  level 
for  the  control  unit  and  the  assembly  level  for  the  rest,  of  the  equipment  are 
not  required." 

b)  Paragraph  3*9*5a:  Change  second  sentence  as  follows:  "Each  major  sub- 

system furnished  with  the  first  system  (localizer,  glide  slope,  localizer 
far  field  monitor  and  markers)  shall  be  subjected  to  environmental  chamber 
test  to  demonstrate  satisfactory  operation  under  temperature  and  humidity 
extremes  specified  in  3.I.I3. 

c)  Paragraph  4.0:  Change  title  as  follows:  "RELIABILITY  DEMONSTRATION  TEST 

PLANS  AND  PROCEDURE"  ‘ - — 

d)  Paragraph  4.1;  Change  third  sentence  as  follows:  "It  is  incumbent  on 

the  contractor  to  demonstrate  his  proposed  equipment  by  an  analytical  and 
operational  evaluation  that  the  reliability  requirements  specified  within  this 
work  statement  are  met." 

e)  Paragraph  4.1;  Change  sixth  sentence  as  follows:  "The  purpose  of  the 

operational  demonstration  is  to  assure  the  FAA  that  the  proposed  equipment  meets 
the  reliability  requirement  described  below." 

f)  Paragraph  4.1:  Change  twelfth  (12)  sentence  as  follows:  "The  contractor 

will  be  responsible  for  all  failure  evaluation  prior  to  the  acceptance  of  the 
equipment  by  the  FAA." 

Page  24.  Paragraph  4.3.1  Substitute  "RADC  Notebook  V01  II"  for  "MIL-HDBK-2i7A" . 

g)  Paragraph  4.4.2:  Delete  entire  paragraph. 

h)  Paragraph  4.4.3:  Delete  entire  paragraph. 
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Pege  27.  Paragraph  4.6.1.  Delete  the  sentence  under  b.  end  substitute  tup 
following:  "A  convicts  description  of  the  plan  for  daaoaatratlcn  test  pleas, 
analytic  Models  and  reliability  analysis." 

Figure  4.  Revise  Control/lndl cator  "Abnomal"  indicator  to  show  two  segment*, 
one  labeled  "ti*  P/lH  and  tbs  other  labeled  "AB>  NO." 

Add  Table  1 and  figures  5*6,7  and  8. 
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The  enclosed  report  covers  only  those  significant  facets  of  the 
effort  expended  during  the  1964-1966  period.  The  purpose  of 
the  effort  was  to  evaluate  individually  developed  components 
and  to  integrate  them  into  a Category  HI  ILS  System.  A system 
evaluation  was  not  performed  because  the  components  in 
combination  did  not  provide  the  minimum  required  system 
performance. 


C.  A.  COMMANDER 


Enclosure 
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LETTER  REPORT 
CATEGORY  m ILS  TESTS 
DURING  THE  1964-1966  PERIOD 


This  report  covers  only  significant  facets  of  the  work  performed  during 
the  1964-66  time  period.  The  purpose  of  the  effort  was  to  evaluate 
developed  components  and  eventually  evolve  a Category  III  ILS  System. 

When  the  components  were  combined  into  a system,  a minimum  system 
performance  did  not  result,  and  an  evaluation  was  not  performed. 

However,  some  knowledge  was  gained  and  utilized  in  subsequent 
Category  III  ILS  evaluations. 

Background: 

The  equipment  delivered  to  NAFEC  was  procured  during  the  time  when 
FAA  procurement  policies  precluded  system  development  in  the  ILS  area. 
Systems  were  developed  by  component  and  subcomponent  specification. 

The  problem  of  system  interface  and  component  marriage  was  left  to 
the  installer  or,  in  this  case,  to  the  NAFEC  evaluators.  Although  each 
subcomponent  was  checked  out  individually;  as  a system  they  failed  to 
perform. 

Basic  Component  Procurement: 

1.  The  main  and  standby  glide  slope  transmitters  were  manufactured 
by  Hazeltine  Corporation. 

2.  The  main  and  standby  localizer  transmitters  were  manufactured 
by  Airborne  Instruments  Laboratory. 

3.  The  monitoring  equipment  was  manufactured  by  the  Wilcox  Company. 

4.  The  localizer  antennas  were  manufactured  by  Scanwell  Corporation. 

5.  No  glide  slope  antennas  were  provided  so  the  system  was  improvised 
by  using  the  antennas  and  tower  from  the  low  cost  ILS  development  by 
International  Telephone  and  Telegraph  Corporation. 

6.  The  marker  beacons  used  were  also  part  of  the  low  cost  ILS 
development  by  International  Telephone  and  Telegraph  Corporation. 

System  Conditioning: 


As  mentioned  previously,  inadequate  consideration  of  a system  concept  left 
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the  interfacing  and  marriage  of  components  into  a system  to  a large 
extent  to  the  discretion  of  NAFEC  project  personnel.  Approximately 
a year* 8 time  was  consumed  in  debugging  individual  components, 
evaluation  and  alignment  of  individual  components  and  finally  the 
assembly  of  the  components  into  a quasi  system. 

The  following  are  examples  of  debugging  and  testing: 

1.  Transmitter  Changeover:  A design  objective  was  to  provide  the 
capability  of  completing  the  transfer  from  the  main  to  standby  trans- 
mitter, either  localizer  or  glide  slope,  within  a maximum  of  two 
seconds.  That  objective  was  never  accomplished  because  of  the 
inherent  recovery  time  constant  of  the  meter  alarm  relays  located 
in  the  primary  monitors.  In  addition,  with  a compliment  of  twelve 
individual  and  independent  monitors,  it  was  virtually  impossible  to 
keep  these  monitors  satisified  for  an  acceptable  period  of  operating 
time. 

2.  Remoting  Far-Field  Indications:  A positive  gain  of  the  test  was 
acquiring  the  knowledge  that  the  localizer  performance  could  be 
effectively  assessed  on  a continuing  basis  by  remoting  the  far-field 
monitor  indicators  to  the  localizer  shelter. 

3.  Localizer  Antenna:  The  localizer  antenna  configuration  consisted 
of  two  (150*  and  105'  aperture^  v-ring  arrays.  Specifications  called 
for  radiation  from  both  antennas  simultaneously.  Testing  indicated 

a mutual  interference  between  radiation  patterns  thereby  negating  the 
usefulness  of  such  an  arrangement.  Subsequent  tests  were  conduct  'd 
utilizing  only  the  150*  array. 

The  localizer  was  never  tested  as  a complete  subsystem  because  of 
the  inability  of  the  antenna  contractor  (Scanwell)  to  develop  a near- 
field monitoring  configuration. 

4.  Glide  Slope  Antenna  and  Monitor:  Because  of  space  limi'  .itions, 
the  Category  III  glide  slope  antenna  was  located  adjacent  to  and 
separated  by  25'  from  the  commissioned  glide  slope  antenna  on 
Runway  13.  The  lack  of  selectivity  in  both  the  commissioned  and 
Category  III  glide  slope  monitor  detectors  required  th«  placing  of 
resonant  cavity  traps  between  the  monitor  antenna  and  detector  in 
both  systems. 
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The  Wilcox  glide  slope  monitor,  as  delivered,  was  not  adequate  for 
clearance  measurement.  The  monitor's  maximum  range  was  30 
percent  difference  in  depth  of  modulation  (DDM)  whereas  the  clear- 
ance monitoring  point  was  at  35  percent  DDM.  The  NAFEC  project 
manager  modified  the  unit  to  extend  the  DDM  range  to  50  percent 
thus  meeting  operational  requirements. 

Instability  was  evident  in  some  receiver  type  monitor  detectors 
supplied  by  Wilcox  which  rendered  them  for  all  practical  purposes 
useless. 

5.  Solid  State  Reliability;  The  use  of  solid  state  circuitry  proved 
to  b»  a weakness  in  terms  of  reliability  because  following  severe 
electrical  storms,  numerous  instances  of  transistor  outages  were 
noted  especially  in  the  monitor  circuits.  These  outages  could  not 
be  attributed  to  direct  strikes. 

6.  System  MTBF:  The  performance  of  the  Category  III  system 
showed  no  evidence  that  would  verify  a design  goal  of  4,  000  hours 
MTBF.  The  results  of  the  tests  conducted  indicated  that  performance 
tolerances  could  not  be  achieved  in  concert  with  maintaining  stability. 

Results  Summarized: 


1.  System  transfer  within  a two  second  maximum  could  never  be 
accomplished  due  to  recovery  time  constants  of  meter  alarm  relays 
and  monitors. 

2.  As  a subsystem  the  localizer  was  never  completed  because  of  the 
lack  of  near-field  monitoring. 

3.  Instability  was  evident  in  some  of  the  receiver-type  glide  slope 
detectors. 

4.  Solid  state  circuitry  proved  to  be  a system  weak  point  due  to  its 
susceptibility  to  electrical  storms. 

5.  Minimum  system  performance  and  system  stability  could  not  be 
achieved  simultaneously. 
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6.  Although  individual  components  performed  satisfactorily  when 
combined  Into  a system,  the  system  failed  to  provide  minimum 
satisfactory  performance. 

The  information  in  this  report  was  transmitted  to  SRDS  orally  and  in 
a series  of  letters  prior  to  the  decision  to  evaluate  STAN  37/38. 
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The  purpose  of  this  activity  was  to  conduct  an  evaluation  of  (1)  the 
installation  of  a Category  U to  Category  III  ILS  Upgrade  Kit  by 
Contractor  personnel  from  Texas  Instruments,  Inc.,  and  (2)  to 
determine  the  adequacy  of  the  Contractor -written  installation 
Handbook.  The  equipment  upgraded  was  the  AN/GRN-27  (V) 
Instrument  Landing  System  serving  RWY-31  at  NAFEC.  The 
equipment  upgrade  kits  were  provided  under  Contract  No.  DOT- 
FA73WA-3289  and  the  technical  manpower  at  NAFEC  was  provided 
by  Contract  No.  DOT -FA74NA- 1072  (6/28/74),  The  work  was 
performed  in  three  phases  - namely,  mechanical  installation, 
electrical  and  electronic  checkout,  and  flight  tests. 

GENERAL 


Four  ILS  technical  personnel  from  Texas  Instruments  (T.I.)  arrived 
at  NAFEC  on  May  1,  A briefing  was  held  on  May  2 and  the  work 
started  on  May  3.  A fifth  member  from  T.I.  joined  the  first  four 
on  May  20  after  most  of  the  mechanical  work  and  most  of  the 
electrical /electronic  checkout  had  been  completed. 

MECHANICAL  WORK 


Primarily,  two  team  members  worked  on  glideslope  facility 
modifications  and  the  other  two  team  members  worked  on  localizer 
facility  modifications.  The  instructions  used  were  in  the  Texas 
Instruments  Handbook,  No.  HB104-EG73,  dated  April  15,  1974, 
titled  "Category  II  to  Category  III  ILS  Upgrade  Kit  Installation 
Instructions  for  AN/GRN-27  (V)  Instrument  Landing  System," 
Major  work  areas  were  as  follows: 

I.  Glide  Slope 

A.  Shelter  modifications 

B.  Transmitter  group  modifications 

C.  Monitor,  misalignment  detector,  and  near-field 
monitor  antenna  modifications 
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II,  Localizer 

A,  Shelter  modifications 

B,  Transmitter  group  modifications 

C.  Antenna  interface  equipment  installation 

D.  Far-field  monitor  modifications 

III,  Marker  Beacon 

Change  complete  cabinet 

IV,  General 

A.  Remote  control  indicator  status  display  system 
modifications 

B,  System  interconnect,  cabling}  and  telephone 
wiring  modifications 

All  of  the  above  items  were  completed  between  May  2 and  May  25,  1974, 
except  the  Marker  Beacon  modification  which  was  completed  in  June. 
The  total  mandays  expended  to  complete  the  mechanical  work  for  the 
localizer  and  the  Far-Field  Monitor  (FFM)  was  23,5  mandays;  the 
glideslope  work  required  18.5  mandays.  In  addition,  the  Remote 
Control  Indicator  and  Monitor  Panel  Assembly  and  System  Interconnect, 
etc,,  required  5 mandays  to  complete.  The  Contractor  personnel 
meticulously  followed  the  Handbook  instructions,  and  corrected  the 
errors  and  sequences  of  the  instructional  procedures  as  work 
progressed.  A corrected  copy  (longhand  notation)  of  this  handbook  is 
available  at  NAFEC  for  review.  No  major  problems  were  encountered 
during  the  mechanical  work  phase  or  the  subsequent  electrical/ 
electronic  checkout  phase.  It  is  noted  that  the  monitor  units  from  the 
localizer  were  utilized  in  the  glide-slope  equipment  as  a cost-saving 
measure.  The  monitor  logic  used  in  the  upgraded  glideslope  is  the 
same  as  the  "OR"  logic  used  in  current  Category  II  systems,  except 
that  two  out  of  three  instead  of  two  out  of  two  monitors  must  alarm 
for  a system  changeover,  Glideslope  operation  over  a two-month 
period  has  shown  that  the  different  logic  did  not  have  an  adverse 
effect  on  the  system  operational  availability.  Items  requiring  changes 
in  future  kits  include:  (1)  better  fitting  doors  on  the  localizer  heated 
detector  boxes,  (2)  protective  covers  over  battery-box  vent  fans,  and 
(3)  larger  cable  ducts  inside  the  shelters. 
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ELECTRICAL/ELECTRONIC  CHECKOUT 


This  phase  of  the  upg:.*ade  work  included  the  turn-on  procedures, 
equipment  alignment,  and  system  checkout  for  the  stations,  and 
performing  necessary  troubleshooting/ repair  to  make  the  Upgraded 
ILS  ready  for  the  Flight  Test  phase.  The  glideslope  facility  checkout 
was  completed.on  May  17,  1974,  and  the  Localize r/FFM  facility 
checkout  was  completed  on  May  22,  1974.  Again,  as  in  the  mechanical 
work  phase,  the  technical  personnel  followed  and  corrected  the 
Handbook  procedures.  The  installation  personnel  displayed  excellent 
working  skill  and  familiarity  with  the  equipment,  and  can  be  considered 
as  having  the  most  expertise  of  anyone  at  Texas  Instruments.  The 
electrical/electronic  checkout  for  the  localizer  facility  required  11.5 
mandays,  the  glideslope  facility  required  9 mandays,  and  the 
Remote  Control  Indicator  and  Monitor  Panel  Assembly  Change-out 
required  1.5  mandays  - the  flight-test  phase  required  7.5  mandays 
of  contractor  personnel  assistance.  An  additional  5.5  mandays  of 
checkout  and  repair  were  required  after  flight  testing  ended  on 
May  24,  1974,  to  correct  discrepancies/failures,  which  did  not  affect 
the  flight  test  results.  Two  weeks  after  the  NAFEC  flight  tests,  a 
serious  wiring  deficiency  was  discovered  on  the  glideslope  "mother- 
board." The  etch  carrying  DC  voltage  for  the  monitor  detectors  burned 
through  requiring  the  addition  of  larger  wire,  with  appropriate  fusing, 
to  restore  operation.  Any  future  kits  should  have  a different  supply 
arrangement  (with  fusing)  for  the  DC  voltage  buss  supplying  the 
monitor  detectors. 

FLIGHTS  TESTS 


NAFEC  flight  tests  were  performed  during  the  week  of  May  20,  1974, 
with  a DC-6  (N-114)  aircraft  for  preliminary  system  alignment  and 
performance  checks.  The  Eastern  Region  performed  standard  flight 
inspection  certification  tests  from  May  28  to  June  7,  1974.  Glide- 
slope  and  localizer  alignment  required  a total  of  16  flight  hours  with 
the  NAFEC  aircraft.  Due  to  time  limitations  complete  performance 
data  were  not  collected  with  the  NAFEC  aircraft  - only  minimal  data 
were  obtained  to  insure  satisfactory  performance  to  Category  III 
tolerances.  Final  system  alignment  using  Category  III  alarm  limit 
tolerances  was  performed  during  the  Eastern  Region  flight  inspection 
test"  without  serious  problems  or  major  discrepancies. 

The  ILS  was  restored  to  operational  commissioned  status  on  June  9, 
1974.  All  of  the  NAFEC- obtained  data  are  available  at  NAFEC  for 
review.  No  further  testing  is  planned  since  it  is  in  a commissioned 
status. 
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CONCLUSIONS 

Based  on  our  observations  during  the  Upgrade  work,  it  is  concluded 
that: 

1.  A satisfactory  and  efficient  way  to  implement  the  installation 
of  an  upgrade  kit  is  by  means  of  an  installation  contract  employing 
knowledgeable  and  experienced  personnel. 

2.  Ihe  implementation  of  the  upgrade  kit  as  furnished  and 
installed  is  considered  an  acceptable  technique  for  upgrading  an 
existing  GRN  27  (V)  type  Category  II  ILS  to  Category  III. 

3.  The  upgraded  glideslope  monitor  logic  differs  from  the 
MARK  III  ILS  glideslope  monitor  logic  but  is  not  expected  to  have 
a relatively  appreciable  adverse  effect  on  the  system  operational 
availability . 

4.  A minimum  of  one  week  of  trouble-free  operation  after 
completion  of  flight  checks  would  be  desirable  to  demonstrate  the 
acceptability  of  an  installation. 

5.  The  Installation  Handbook,  as  furnished  with  the  upgrade 
kit  and  corrected,  provides  adequate  installation  instructions  and  is 
satisfactory. 
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